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By  U.  S.  Grant  and  D.  F.  HigoinS.: 


INTRODUCTION. 
BCOFB  OF  THIS  BBPOBT. 

During  the  summer  of  1905  the  senior  author  and  Sidney  Paige 
were  engaged  in  a  study  of  the  ore  deposits  and  the  general  geology 
of  Prince  William  Sound.  This  work  was  continued  in  1908  for 
a  few  weeks  by  both  the  present  authors,  who  in  1909  extended 
it  to  the  southern  part  of  Kenai  Peninsula.  In  these  three  field 
seasons  the  whole  shore  Une  of  Prince  William  Sound  (except  that 
of  some  of  the  islands)  and  of  Kenai  Peninsula  from  Portage  Bay 
to  Seldovia  Bay  of  Cook  Inlet  was  examined.  In  the  course  of  this 
work  all  the  tidewater  glaciers  and  many  others  near  tidewater 
were  seen  and  some  notes,  photographs,  and  maps  were  made  of 
all  the  tidewater  glaciers  and  of  many  of  the  others.  This  work 
was  hurriedly  done  and  was  secondary  to  the  study  of  the  bedrock 
geology  and  the  ore  deposits;  nevertheless  it  is  thought  worth  while 
to  put  on  record  the  information  thus  obtained  regarding  the  glaciers, 
for  it  will  afford  a  basis  for  future  study  of  the  fluctuations  of  these 
ice  streams. 

This  paper,  then,  is  not  expected  to  make  many  additions  to  the 
large  amoimt  of  scientific  material  concerning  the  problems  of 
glaciers  and  glaciation  that  is  already  available,  but  it  is  intended 
to  supply  some  definite  information  regarding  the  present  positions 
of  the  fronts  of  the  glaciers  and  the  more  evident  facts  of  their 
fluctuations.  Moreover,  it  is  hoped  that  this  publication  may 
attract  attention  to  some  of  the  most  magnificent  American  scenery 
that  is  now  accessible  to  the  tourist  and  nature  lover.  Except  the 
Columbia  Glacier,  the  ^aciers  of  Port  Wells,  and  possibly  one  or 
two  others,  the  ice  streams  here  considered  had  not  been  figured 
nor  described  before  this  study  was  undertaken. 

In  the  first  season  of  field  work,  in  1905,  information  concerning 
the  Valdez,  Shoup,  Columbia,  and  Meares  glaciers  and  some  of  the 
glaciers  of  Port  Wells  was  obtained.  In  1908  the  Valdez,  Shoup, 
Columbia,  and  Barry  glaciers  were  again  visited,  and  the  glaciers 
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of  Port  Nellie  Juan,  Icy  Bay,  and  Port" Bainbridge  were  mapped. 
The  small  glaciers  above  Thumb  f^oye'of  Resurrection  Bay  also  were 
visited  and  sketched.  In  19f)^^4dil  the  tidewater  glaciers  of  the 
northern  shore  of  Prince  WflHani  Sound  from  Port  Valdez  westward 
to  and  including  Blackati<^  Bay  and  all  the  glaciers  of  the  southern 
shore  of  Kenai  P^nimula  discussed  in  this  report,  except  those  at 
the  head  of  XhiimT)  Cove  of  Resurrection  Bay,  were  visited  and 
mapped.         *•  •  •  • 

Since  beginning  this  work  the  authors  have  prepared  small-scale 
maps  Dn  Ayhich  the  positions  of  the  fronts  of  a  number  of  these  gla- 
ciereAafe' shown.*  Most  of  these  maps,  however,  are  drawn  on  too 
small  a  scale  to  show  in  much  detail  the  positions  of  these  glacial 
fronts.  Brief  descriptions  of  some  of  the  more  important  glaciers 
discussed  in  this  report  have  been  published  recently.' 

EAKLIBB  EXPLORATIONS. 

The  earliest  explorers  of  Prince  WiUiam  Sound  and  Kenai  Penin- 
sula gave  little  information  concerning  the  glaciers;  in  fact,  glaciers 
as  such  were  not  known  to  them.  Cook  '  in  1778  and  especially 
Vancouver*  in  1794  explored  much  of  the  above  district,  and  some 
of  their  maps  and  descriptions  show  that  certain  of  the  bays  or  fiords 
were  ended  by  vertical  walls  of  ice,  from  which  blocks  fell  into  the  sea. 

Dall  *  visited  Eachemak  Bay  of  Cook  Inlet  in  1880,  in  1892,  and 
in  1895,  and  studied  especially  the  Grewingk  Glacier.  The  results 
of  his  mapping  of  this  glacier  were  incorporated  in  charts  of  the 
United  States  Coast  and  Geodetic  Survey. 

The  more  recent  explorations  of  this  district  by  geologists  of  the 
United  States  Geological  Survey  were  begun  by  Mendenhall*  and 
Schrader'  in  1898,  but  the  varied  interests  of  their  expeditions  allowed 
little  attention  to  be  paid  to  the  glaciers. 

In  1899  the  Ilarriman  Alaska  Expedition  visited  Prince  William 
Sound  and  described  the  Columbia  Glacier  and  the  glaciers  of  Port 
Wells.  These  descriptions  were  written  by  Gilbert  *  and  form  the 
chief  published   source   of  information   concerning   the   glaciers   of 

1  BuU.  U.  8.  Geol.  Survey  No.  284,  1906,  p.  79;  No.  379,  1909,  PI.  IV,  and  p.  100;  No.  442,  1910,  PI.  UI; 
No.  443,  1910,  PL  II. 

>  Grant,  U.  8.,  and  lilggins,  D.  F.,  Glaciers  of  Prince  William  Sound  and  the  southern  part  of  the  Kenai 
Peninsula,  Alaska:  BuU.  Am.  Geog.  8oc.,  vol.  42,  1910,  pp.  721-738;  vol.  43,  1911,  pp.  321-338,  401-417, 
721-737. 

*  Cook,  James,  A  voyage  to  the  Pacific  Ocean  undertaken  by  the  command  of  His  Majesty  for  muHng 
discoveries  in  the  northern  hemisphere,  etc.,  in  1776-1780,  3  vols.,  London.  1784. 

«  Vancouver,  George,  Voyage  of  discovery  to  the  North  Pacific  Ocean,  etc.,  in  1790-1795,  3  vols.,  London, 
1798. 

•  Dall,  W.  H.,  Bull.  Philos.  Soc.,  Washington,  vol.  6,  18>t4,  pp.  33-36;  Bull.  U.  B.  Geol.  Survey  No.  84, 
1892;  Seventeenth  Ann.  Rept.  U.  8.  Geol.  Survey,  pi.  1, 1896,  p.  7s9. 

*  Mendenhall,  W.  C,  A  reconnaissance  from  Resurrection  Bay  to  the  Tanana  River,  Alaska,  in  1898: 
Twentieth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  7, 1900,  pp.  265-340. 

'  Schrader,  F.  C,  A  reconnaissance  of  a  part  of  Prince  William  Sound  and  the  Copper  River  disMct, 
Alaska,  in  1806:  Idem,  pp.  341-423. 

•  QUbvt,  G.  K.,  Glaciers  and  gladation:  Alaska,  vol.  3,  Harriman  Alaska  Expedition,  1904. 
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Prince  William  Sound.    No  attempt  has  been  made  to  duplicate 
these  excellent  descriptions  in  the  present  paper. 

In  1904  Davidson  ^  published  a  list,  accompanied  by  notes  and 
maps,  of  the  coastal  glaciers  of  Alaska.  Brooks,'  in  his  description 
of  Alaskan  geography  and  geology,  has  made  mention  of  the  glaciers 
of  this  district;  Reid '  has  contributed  some  notes  on  the  variations 
of  Alaskan  glaciers;  and  Tarr  and  Martin^  studied  the  Valdez, 
Shoup,  and  Columbia  glaciers  in  1909. 

ICAPS  OF  THE   GLACIEBS. 

Most  of  the  older  maps  of  Prince  William  Sound  and  Kenai  Penin- 
sula are  on  a  scale  so  small  and  are  so  generalized  that  they  furnish 
very  little  information  concerning  the  actual  positions  of  glacial 
fronts  at  the  dates  on  which  the  maps  were  made.  They  are  thus  of 
little  aid  in  determining  historic  positions  of  the  fronts  of  the  glaciers 
and  could  not  furnish  a  basis  for  a  study  of  glacial  fluctuations  unless 
the  fluctuations  amounted  to  several  miles — ^a  maximum  not  reached  in 
historic  times  by  the  glaciers  under  discussion.  Cook  mapped  Prince 
William  Sound  and  Kenai  Peninsula  in  1778,  but  his  map  is  on  a  very 
small  scale.  Vancouver's  maps  of  1794  and  Tebenkof's  of  1852,  the 
latter  following  closely  those  of  Vancouver,  furnished  the  basis  for 
most  of  the  maps  of  this  district  up  to  the  end  of  the  nineteenth 
century.  Recently  the  work  of  the  United  States  Coast  and  Geo- 
detic Survey  has  given  accurate  delineations  of  parts  of  Prince  WU- 
Itam  Sound  and  Kenai  Peninsula,  but  very  considerable  portions  of 
the  coast  line  have  not  yet  been  mapped  by  this  organization.  Unfor- 
tunately for  our  purposes,  the  fronts  of  only  two  tidewater  glaciers, 
the  Shoup  of  Port  Valdez  and  the  Bear  of  Resurrection  Bay,  have 
been  thus  mapped.  The  maps  of  the  Columbia  Glacier  and  of 
the  glaciers  of  Port  Wells  published  by  the  Harriman  Alaska 
Expedition*  were  the  first  to  show  details  of  these  glaciers.  The 
United  States  Geological  Survey  has  issued  maps  showing  in  some 
detail  the  positions  of  the  fronts  of  some  of  the  glaciers  of  Prince 
William  Soimd,  especially  those  of  the  Shoup  and  Valdez  glaciers.* 

Thus  at  the  beginning  of  the  present  study  of  the  glaciers  of  Prince 
William  Soimd  and  Kenai  Peninsula  there  was  available  detailed 
information  concerning  only   the  Valdez,   Shoup,   Columbia,    and 

1  DaTidaon,  O«0ifB,  The  gleeiera  of  Alaska  that  are  shoim  oo  Russian  charts  or  mentioned  In  older  nar- 
latiw:  Tians.  and  Proc.  Qeog.  Soc  Faciflc,  Sd  aer.,  vol.  3, 1004,  pp.  1-96, 11  maps. 

s  Brooks,  A.  H.,  The  geography  and  geology  of  Alaska:  Prof.  Paper  U.  S.  Qeol.  Surrey  No.  46,  1906; 
especially  pp.  944-345  and  PL  XXH. 

*  Raid,  H.  F.,  The  variations  of  gladeiB:  Jour.  Oeology,  vol.  14, 1900,  pp.  40»-410;  vol.  17, 1909,  pp.  M7-671. 
«Tarr,  R.  B.,  and  Martin,  Lawrence,  The  National  OeograidaJc  Society's  Alaskan  expedition  of  1900: 

Nat.  Geog.  lUff.,  voL  S,  1910,  pp.  1-64. 

*  Gilbert,  G.  K.,  Gladen  and  glaciatkm:  Alaska,  voL  3,  Harriman  Alaska  Expedition,  1904,  Pis.  XI 
andXm. 

*  Twentieth  Ann.  Kept.  V.  8.  Oeol.  Survey,  pt.  7, 1900,  map  No.  20;  The  geology  and  mineral  resources 
of  a  portion  of  the  Copper  Rivw  district,  Alaska;  Special  publication,  1901,  pi.  2. 
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Bear  glaciers  and  some  of  the  glaciers  of  Poit  Wells,  and  this  informa- 
tion extended  back  only  a  few  years. 

In  the  present  report  Plates  I  and  II  (in  pocket)  show  the  general 
distribution  of  the  glaciers  of  Prince  William  Soimd  and  the  southern 
part  of  Kenai  Peninsula.  More  detailed  information  concerning 
these  glaciers  is  given  in  a  number  of  the  other  plates  and  figures. 
These  maps  were,  with  minor  exceptions,  made  by  the  junior  author. 
Some  of  tlie  maps  are  merely  sketches  indicating  the  general  rela- 
tions of  the  glaciers  to  the  shore  line;  othere  are  more  carefully  made. 
An  idea  of  the  accuracy  of  these  maps  can  be  gained  from  noting 
the  closeness  and  number  of  the  positions  that  were  occupied  or 
intei-sected  in  making  the  maps.  In  this  work  the  information 
obtained  by  the  authors  was  usually  controlled  by  graphic  triangula- 
tion  with  the  ''baby''  plane  table  from  base  lines  or  United  States 
Coast  and  Geodetic  Survey  triangulation  stations.  The  base  lines 
were  determined  by  the  log  of  the  boat,  and  in  the  expansions  these 
approximately  correct  values  were  assumed  to  be  the  true  values. 
The  control  was  supplemented  by  occasional  boat  and  foot  traverses. 
The  sketching  was  done  from  the  stations  and  from  the  boat  between 
stations.  A  few  minor  changes  were  made  in  the  office  from 
photographs. 

^"^K  PHOTOGBAFHS  OF  THE   GLAOIEBS. 

In  any  study  of  the  positions  of  glacier  fronts  dated  photographs 
are  of  prime  importance,  for  they  furnish  accurate  records  and  can 
be  obtained  when  there  is  not  time  for  detailed  observations.  If  the 
photographs  are  taken  from  easily  recognized  stations  which  can  be 
occupied  in  later  years  their  value  is  still  greater.  In  the  present 
study  of  the  glaciers  of  Prince  William  Sound  and  Kenai  Peninsula 
many  photographs  were  taken  from  stations  shown  on  the  several 
detailed  maps  accompanying  this  report.  These  and  other  photo- 
graphs will  be  of  so  great  value  in  the  study  of  future  fluctuations  of 
these  ice  streams  that  it  has  been  thought  wise  to  list,  under  the 
description  of  each  glacier  (or  general  area),  all  the  photographs 
showing  that  glacier  or  area  in  the  collections  preserved  in  the  office 
of  the  United  States  Geological  Survey  at  Washington.  In  these  lists 
the  following  abbreviations  have  been  used: 

G:  Pholoo;rai)h8  taken  by  U.  8.  (Jrant  and  D.  F.  lligginw,  li)08-9 

Gi:  Photographs  taken  by  G.  K.  Gill>ert.  ]899. 

M:  Photographs  taken  by  W.  ('.  Mendenliall,  1898. 

P:  Photographs  taken  l)y  Sidney  Paige,  1905. 

Sc:  PhoU)graph8  taken  by  F.  ('.  Schrader,  1898. 

Sp:  Photograplid  taken  by  A.  (\  Spencer,  1900. 

In  addition  to  the  photograplis  noted  above,  the  following  hav 
been  accessible  to  the  writers:  (1)  Photograplis  taken  by  C.  Har 
Merriam  and  E.  S.  Curtis  for  the  Harriman  Alaska  Expedition, 
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(2)  photographs  taken  by  W.  E.  Carlin  for  the  George  W.  Perkms 
party,  1909;  (3)  photographs  taken  by  R.  S.  Tarr  and  Lawrence 
Martin  for  the  National  Geographic  Society  expedition,  1909;  (4) 
photographs  taken  by  P.  S.  Hunt  and  G.  G.  Cantwell,  of  Valdez. 

OIiACIERS  OF  PRINCE  WILIilAM  SOUND. 

POBT  VAIJ)EZ. 
GENERAL  FEATURES. 

Port  Valdez  is  the  extreme  northeastern  fiord  of  Prince  William 
Sound.  The  main  portion  of  the  fiord  trends  east  and  west  and  is 
about  14  miles  long  and  3  miles  wide.    Its  axis  is  essentially  parallel 


FiouBB  1.— Map  of  Valdez  and  vicinity.   Fnmi  maps  of  the  United  States  Geological  Survey  and  Coast 

and  Geodetic  Survey.    Submarine  contour  interval,  10  fathoms. 

with  the  strike  of  the  country  rocks.  At  its  western  end  this  portion 
bends  abruptly  to  the  south-southwest,  narrows  to  a  width  of  a  mile, 
and'cuts  ahnost  directly  across  the  strike  of  the  rocks.  The  depres- 
sion in  which  Port  Valdez  lies  extends  northwestward  in  the  Shoup 
Glacier  valley,  northeastward  in  the  Valdez  Glacier  valley,  and  east- 
ward in  the  valley  of  Lowe  River.  Except  for  these  valleys,  each  of 
which  is  much  smaller  than  the  port  itself.  Port  Valdez  is  hemmed  in 
by  steep  mountains,  those  on  the  west  and  north  being  extremely 
steep  and  rising  to  heights  of  4,000  to  5,400  feet.  The  mountains  on 
the  south  side  are  3,000  to  4,600  feet  in  height. 

The  main  portion  of  Port  Valdez  is  a  wide,  flat-bottomed  trough 
averaging  about  800  feet  in  depth  and  reaching  in  one  place  a  depth 
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of  858  feet  below  sea  level.  The  sides  of  this  trough  below  sea  level 
are  uniformly  steep,  having  a  customary  slope  of  24^,  but  in  one  place 
this  slope  is  over  51°  for  a  vertical  distance  of  756  feet.  (See  figs.  1 
and  2.)  The  eastern  end  of  Port  Valdez  is  being  rapidly  filled  with 
material  brought  down  by  Lowe  River  and  by  streams  from  the 
Corbin  and  Valdez  glaciers,  most  of  this  material  coming  from  the 
latter  glacier.  The  advancing  delta  thus  produced  has  a  steep  sub- 
marine front,  its  slope  being  nearly  12°.  The  subaerial  portion 
of  the  delta  extends  east  along  Lowe  River,  also  northeast,  4  miles, 
to  the  Valdez  Glacier,  rising  in  this  distance  probably  250  feet.  It 
seems  quite  probable  that  slumping  is  taking  place  occasionally 
along  the  seaward  edge  of  the  delta.  On  February  14,  1908,  an 
earthquake  of  considerable  magnitude  visited  this  district  and 
broke  in  several  places  both  the  Seattle-Valdez  and  the  Valdez-Seward 
cables,  which  run  east  and  west  through  Port  Valdez.  Accompanying 
the  earthquake  there  seems  to  have  been  a  slumping  of  the  delta 
front  wliich  buried  sections  of  the  cables.  The  cause  of  the  earth- 
quake is  not  known,  but  it  is  thought  to  have  been  minor  faulting, 
for  one  of  the  cables  was  broken  in  deep  water  on  the  flat  bottom  of 
the  fiord  1 1  miles  from  Valdez.  The  slumping  of  the  delta  front  at 
this  time  was  therefore  probably  a  result  rather  than  a  cause  of  the 
earthquake. 

On  Port  Valdez  there  is  one  tidal  glacier,  the  Shoup.  The  Valdez 
Glacier  reaches  within  4  miles  of  the  port  and  the  lower  end  of  the 
Corbin  Glacier  lies  7  miles  east  of  Valdez.  The  Valdez  Glacier  receives 
smaller  ice  streams  from  the  east,  but  its  main  snow  field  lies  on  the 
northwest.  The  Shoup  Glacier  and  probably  part  of  the  Columbia 
Glacier  come  from  the  same  snow  field.  There  are  a  few  small  glaciers 
high  up  in  the  mountains  about  the  ends  of  the  main  portion  of  Port 
Valdez,  the  most  noticeable  of  wliich  are  gne  (unnamed)  a  mile  or 
more  east  of  the  front  of  the  Valdez  Glacier,  and  one  3  miles  southeast 
of  Shoup  Bay,  called  the  Annin  Glacier.^ 

VALDEZ   GLACIER. 

The  Valdez  Glacier  (fig.  1)  is  situated  about  4  miles  northeguat  of 
the  town  of  Valdez  and  is  well  known  as  one  of  the  glacial  highways 
of  Alaska.  During  the  spring  and  summer  of  1898  and  the  early 
part  of  1899  this  glacier  was  used  as  a  roadway  by  the  host  of  gold 
seekers  passing  northward  from  Valdez  into  the  Copper  River  and 
Yukon  basins.  The  construction  in  1899  of  the  military  telegraph 
line  and  trail,  followed  in  later  years  by  the  development  of  the  trail 
into  a  wagon  road,  from  Valdez  northward  over  Thompson  Pass  into 
the  Copper  River  basin  has  taken  away  the  necessity  for  traveling 

1  Twentieth  Ann.  Rept.  U.  S.  (Seol.  Survey,  pt.  7,  IIMX),  maps  Nos.  20  and  21. 
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over  the  Valdez  Glacier.  The  front  of  the  glacier  is  covered  with 
d6bris,  has  a  low  slope,  and  is  easy  of  ascent,  although  in  1808  within 
the  first  500  feet  of  rise  there  were  three  marked  benches,  each  about 
100  feet  high,  over  which  passage  was  difficult.  The  glacier  itself 
and  the  method  of  traveling  over  it  have  been  interestingly  described 
by  Schrader.* 

A  hasty  visit  was  made  to  the  west  side  of  the  front  of  the  Valdez 
Glacier  in  July,  1905,  and  another  on  July  11,  1908.  At  these  times 
a  few  notes  and  photographs  showing  the  position  of  the  edge  of  the 
ice  were  taken,  but  no  map  of  the  glacier  was  made. 

The  front  of  the  glacier  is  covered  with  d6bris  (Pis.  Ill,  A,  and 
TV,  A),  and  toward  its  center  an  area  thus  covered  runs  back  from 
the  front  of  the  ice  and  may  form  part  of  a  medial  moraine,  though 
this  point  was  not  determined.  The  front  deploys  slightly  on  the 
plain  of  outwash  material,  and  it  is  commonly  reported  that  the  ice 
reaches  out  under  this  plain  for  a  considerable  distance,  oven  to  the 
sea,  but  the  evidence  presented  for  this  extension  of  the  ice  is  far 
from  conclusive.  The  outwash  plain  is  broad,  contains  many 
reticulated  stream  channels,  and  reaches  to  the  sea.  (See  PI.  Ill, 
B.)  These  streams  vary  much  in  position  and  in  volume.  The  front 
of  the  glacier  is  so  fully  exposed  to  the  sun  that  a  few  consecutive 
bright  summer  days  cause  extensive  melting  and  a  consequent  flood- 
ing of  the  streams.  Such  an  occurrence  in  the  sununer  of  1905 
carried  away  a  few  small  buildings  from  the  eastern  edge  of  Valdez, 
but  the  town  is  now  protected  from  encroachments  of  this  character 
by  a  strong  cordon  of  piles  connected  by  heavy  planks. 

Photographs  of  the  front  of  the  Valdez  Glacier,  taken  in  July,  1905, 
are  shown  in  Plate  IV.  The  mound  from  which  these  were  taken  was 
destroyed  by  an  advance  of  the  ice  at  some  time  before  July,  1908, 
and  while  the  glacier  was  extended  a  moraine  10  to  30  feet  high  and 
25  to  125  feet  wide  was  deposited  250  to  300  feet  in  advance  of  the 
position  of  the  front  of  the  ice  in  1905.  This  moraine  is  a  quarter  of  a 
mile  in  length,  and  its  western  end  is  about  the  same  distance  from 
the  western  rock  wall  of  the  valley.  In  July,  1908,  the  front  of  the 
glacier  at  the  western  side  was  about  100  feet  in  advance  of  its  posi- 
tion in  1905,  and  the  central  part  of  the  front  was  apparently  a  short 
distance  less  advanced  than  in  1905.  In  August,  1909,  the  Valdez 
Glacier  was  visited  by  Tarr  and  Martin,  whose  photographs  show 
that  the  central  and  western  parts  were  a  little  less  advanced  than 
they  were  in  1908,  and  that  the  extreme  western  edge  was  slightly 
less  advanced  than  in  1905.  Photographs  of  the  glacier,  taken  from 
a  distance  by  A.  C.  Spencer  in  June,  1900,  show  that  the  position  of 
the  glacial  front  on  that  date  was  not  materially  different  from  its 

Ai*  ^**'^*^i«'  •^"'  ^  'f^M^fasMHje  or  a  part  of  Prince  Willlara  Sound  and  the  Copper  River  district, 
Auwica.  m  i»».  Twentieth  Ann.  Kept.  U.  8.  Geol.  Survey,  pt.  7, 1900,  pp.  350-356.  365-366, 381-382. 
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positions  in  1905,  1908,  and  1909.  There  is  no  forest  near  the  front 
of  the  ice,  hence  the  present  time  seems  to  be  in  general  a  period  of 
retreat  for  this  glacier.  The  cover  of  low  vegetation  and  the  small 
extent  of  the  bare  zone  on  the  western  wall  of  the  valley  indicate 
that  there  has  been  no  marked  advance  of  the  ice  beyond  its  positions 
of  1905  and  1909  since  the  opening  of  the  twentieth  century. 
Reid  gives  the  following  information  concerning  the  Valdez  Glacier:* 

Dr.  L.  S.  Camicia  has  been  keeping  a  record  since  1901  of  the  position  of  the  Valdes 
Glacier,  Prince  William  Sound,  Alaska.  A  stone  monument  waa  made  on  the  moraiDe 
in  front  of  the  glacier  and  the  distance  to  the  ice  determined.  He  found  the  follow- 
ing variations,  measurements  ha\dng  been  made  in  June  of  each  year:  1901-2,  a 
retreat  of  39  feet;  1902-1904,  165  feet;  1904-5,  138  feet.  The  next  cbeervation  wm 
made  in  October,  1908;  as  the  monument  had  been  destroyed,  he  estimated  its  posi- 
tion as  well  as  he  could,  and  found  a  retreat  since  the  last  observation  of  244  feet, 
making  a  total  retreat  from  1901  to  1908  of  580  feet. 

Evidently  the  same  advance  of  the  ice  (occurring  between  July, 
1905,  and  July,  1908)  that  destroyed  the  above-mentioned  monument 
also  destroyed  the  mound  from  which  our  observations  were  made  in 
July,  1905.  The  destruction  of  these  points  of  reference  makes  it 
impossible  to  determine  accurately  the  position  of  the  ice  front  in 
1908  with  reference  to  its  position  three  years  earlier.  Moreover,  the 
fluctuation  of  one  part  of  the  ice  front  differs  from  that  of  other  parts, 
and  as  our  observations  and  those  of  Dr.  Camicia  may  not  have  had 
reference  to  the  same  point  in  the  glacier's  front,  it  is  not  surprising 
that  the  two  estimates  of  retreat  from  1905  to  1908  are  not  in  full 
agreement.  Our  estimates  are  based  on  a  hurried  examination  of  the 
locality  in  1908  and  on  a  study  of  photographs  of  the  glacial  front, 
some  taken  then  and  some  three  years  before. 

The  maps  showing  the  Valdez  Glacier  in<licate  that  a  feeder  comes 
down  the  first  valley  on  the  cast  and  joins  the  main  stream.  Our 
photographs  show,  however,  that  this  smaller  glacier  ends  before 
joining  the  larger  stream  and  that  another  glacier  comes  in  from  the 
south  and  nearly  or  quite  joins  the  small  glacier  just  mentioned. 

Pbotographi  of  Valdes  OUder. 

Sc  51.  Front  of  glacier  from  the  west  edge  r>f  the  glacier,  (KX)  feet  above  sea  level. 
The  low  dark  point  in  the  center  is  the  one  referred  to  under  (1)  in  No.  G  2  below. 
1898. 

Sc  52  to  55.  Views  on  glacier,  back  from  the  front.     1898. 

Sc  56.  Front  of  glacier  from  west  edge  of  the  glacier,  looking  S.  25°  W.    1898. 

Sc  57.  Source  of  river  at  fn^nt  of  glacier.     1898. 

Sc  59.  Center  cf  front  of  glacier,  looking  N.  50°  E.     1898. 

Sc  62  to  72.  Views  on  glacier,  back  from  the  front.     1898. 

Sc  194.  Distant  view  of  glacier.     October  22,  1898. 

Scl95.  Distant  view  of  glacier.    1898. 

Sp  7.  General  view  of  front  of  glacier  from  the  southwest.    June  16,  1900. 

1  Reid,  U.  F.,The  variation  of  glaciers:  Jour.  Geology,  vol.  17, 1909,  p.  670. 
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Sp  11.  General  view  of  front  of  glacier  fmm  the  south.    June  24, 1900. 

P  708.  D6briB-covered  front  of  glacier  and  outwash  plain,  taken  from  the  glacier  and 
looking  toward  Valdez.    July,  1905. 

P  709.  Crevasse  near  front  of  glacier.    July,  1905. 

P  710.  Valdez  Glacier  (in  foreground)  and  smaller  glariera  on  east  Hide  of  the  Valdez 
(in  background).    July,  1905. 

P  711.  (Here  reproduced  as  Plate  IV,  A.)  Center  of  front  of  glacier,  looking  w)uth- 
6a8t.    July,  1905. 

P  711a.  (Here  reproduced  as  Plate  IV,  B.)    Western  edge  of  front  of  glacier.    July, 

1905. 

P  734.  Outwash  plain,  extreme  eafltem  edge  of  glacier,  and  small  hanging  glacier. 
September  9,  1905. 

G  1.  General  view  of  front  of  glacier  from  a  distance  of  about  1  i  milop.    July  1 1 ,  1908. 

G  2.  Center  of  front  of  glacier,  looking  S.  67®  E.  From  the  position  from  which  this 
photograph  was  taken  bearings  are  as  follows:  (1)  S.  4®  W.  to  outer  end  of  rock  ridjre 
that  extends  into  the  valley  for  about  half  a  mile  from  its  ca:^  side;  (2)  S.  66°  K.  to 
talus  slope  on  small  stream  east  of  glacier — this  talus  slope  is  shown  just  to  the  left  of 
the  center  of  this  photograph  and  in  the  center  of  Plate  IV,  A;  (3)  S.  51°  W.  to  outer 
end  of  rock  ridge  that  extends  into  the  valley  for  a  few  rods  from  its  west  side. 
This  photograph  was  taken  from  very  nearly  the  same  position  as  Nos.  P  711  and  P  71  la. 
From  the  position  above  described  the  nearest  point  of  the  ice  was  530  feet  distant  in 
a  direction  N.  48"*  E.,  on  July  11, 1908. 

G  3.  Westeni  edge  of  front  of  glacier,  looking  N.  22°  W.  from  same  position  as  last. 
July  11, 1908. 

G  4.  Western  edge  of  front  of  glacier,  looking  N.  14°  E.  from  top  of  a  nearly  circular 
mound,  12  feet  hi^,  40  feet  in  north-south  diameter  and  30  feet  in  east-west  diameter 
of  base.  This  mound  is  about  one-fourth  of  a  mile  from  the  west  side  of  the  valley,  and 
is  the  first  prominent  mound  seen  on  approaching  the  glacier  from  the  southwest. 
From  this  position  bearings  are  as  follows:  (1)  S.  3°  E.  to  point  (1)  under  No.  G  2;  (2) 
S.73°E.to  point  (2)  under  No.  G  2;  (3)  S.  67°  W.  to  point  (3)  under  No.  G  2.  July  11, 
1908.    This  same  position  was  occupied  by  Tarr  and  Martin  in  August,  1909. 

G  5.  Center  of  front  of  glacier,  looking  S.  72°  E.  from  same  position  as  No.  G  4.  July 
11,  1908. 

G  6.  Detail  of  front  of  glacier,  looking  up  fifRt  valley  on  east  of  glainer.    July  1 1, 1908. 

G  9.  Eastern  front  of  glacier  from  southeast  end  of  eastern  dock  at  Valdez.  July  12, 
1908. 

SHOLTP   GLACIER. 

Shoup  Glacier  reaches  tidewater  at  the  head  of  Shoiij)  Bay,  which 

connects  with  the  northwestern  corner  of  the  main  portion  of  Port 

Valdez.     On  maps  published  in  1900  ^  this  is   called  the  Canyon 

Creek  Glacier,  but  on  the  United  States  Coast  and  Geodetic  Surv'(\v 

charts  8521  and  8519,  published,  respectively,  in  1902  and  1906,  it  is 

called  the  Shoup  Glacier,  by  which  name  it  is  now  commonly  known 

at  Valdez  and  Fort  Liscum.     This  glacier  is  of  economic  importance 

in  that  it  furnishes  ice  for  Valdez  and  Fort  Liscum,  the  detached  bergs 

being  lifted  upon  barges  and  taken  to  these  towns. 

Shoup  Glacier  was  visited  and  photographed  on  July  4,   1905, 
July  13,  1908,  and  June  16,  1909,  and  its  front  was  mapped  on  the 

°^N^»[^m°if2!Si^  GeoL  Survey,  pt.  7,1900,  maps  Nos.  19, 20, 21.    Report  on  Public  Rescto- 
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last  date.  (See  PI.  V  and  fig.  2.)  The  record  of  the  position  of  the 
front  of  the  glacier  before  1905  is  confusing.  The  first  three  of  the 
maps  made  in  1898  (published  in  1900  and  noted  aboTe)  show  the  ic« 
front  as  reaching  tidewater  close  behind  the  spit  at  the  moutii  of 
Shoup  Bay,  whereas  Uie  other  map  indicates  that  the  glacier  ends  on 
a  fiat  a  mile  from  tidewater.  These  maps,  however,  are  recotmaiEt- 
sance  maps,  and  probably  the  position  of  the  front  of  the  glacier  was 


lap  at  Shoup  Day  and  Shoup  QlaciBt,  Port  Valdot,  Jul;  IS,  !%». 
msrtod  A  from  Coul  uid  Owdelic  Survey  chart  N'o.  iSii;  baa-  IIik  A-D  usumed  0^  eiOb;  mUout 
InUTval  on  bud,  MImI;  nibmarJne  conbiur  iutervsl,  lOblhonu.  Occupied  points  IndlcaWd  br  dniM, 
inlenccled  polnta  by  crossci. 

not  carefully  located  in  tlie  field.  The  growtli  of  vegetation  about 
the  head  of  Shoup  Bay  shows  that  the  glacier  has  not  advanced  more 
than  a  few  rods  beyond  its  present  position  for  the  lust  16  years  and 
very  likely  uot  for  50  years.  The  Coast  Survey  charta  8521  and  8519 
show  a  distance  between  pointa  A  and  B  (fig.  2) '  and  the  front  of  the  ice 
one-third  greater  than  that  sliown  on  our  map.    This  difference  may  be 

>  Point  A  19  the  top  of  ■  small,  round  elvlatfd  rock  knob  about  60  ln>t  above  an  l«val,  oa  ths  toath 
point  ot  Iho  cntnuwc  lo  the  tanei  pmt  of  i'houp  Ri.t.  I'olnt  U  Li  the  middls  ods  of  three  rocky  pnjec- 
'103  on  tha  north palnlo(Uis«olTanc«(othelnnorr»rtorKhaupUa]'.   It  Is  aboutaolntibonNaleviL 
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due  to  inaccuracies  in  our  sketch  or  to  the  fact  that  the  detaUed  work 
of  the  Coast  Survey  was  not  carried  clear  to  the  front  of  the  glacier; 
or  it  may  possibly,  but  not  probably,  be  due  to  the  glacier  front 
st-anding  farther  back  in  1900  and  1901,  the  years  in  which  the  field 
work  for  the  C!oast  Survey  charts  was  probably  done.  However,  two 
men  who  obtained  ice  from  the  glacier  in  those  years  state  that  the 
ice  was  then  in  advance  of  its  present  position  and  that  the  ledges 
(visible  in  1906,  1908,  and  1909,  and  shown  on  the  left  of  PL  V,  A, 
and  the  right  of  PI.  V,  B)  near  the  center  of  the  ice  front  were  not  then 
visible.  An  advance  of  50  feet  would  cover  these  ledges.  They  are 
shown  just  emei^:ing  from  the  ice  in  a  photograph  (Sc  61)  taken  by 
F.  C.  Schrader  in  1898. 

Photographs  taken  from  point  A,  figure  2,  on  each  of  our  three 
visits,  as  well  as  those  taken  by  Tarr  and  Martin  in  August,  1909, 
show  practically  no  fluctuation  in  the  position  of  the  northern  half  of 
the  front  of  the  glacier  and  slight  variations  in  the  position  of  the 
southern  half.  In  July,  1908,  the  ice  near  the  southern  edge  of  the 
front  was  a  little  (estimated  from  photographs  at  100  feet)  in  advance 
of  its  position  on  the  other  dates,  and  in  July,  1905,  the  same  portion 
was  a  little  farther  back  than  on  the  other  dates.  In  July,  1905,  a 
small  push  moraine,  rising  20  feet  above  high  tide,  stood  at  the  front 
of  the  ice  100  yards  north  of  the  southern  end  of  the  front.  At  later 
dates  this  moraine  was  not  present. 

Vegetation  extends  within  a  few  yards  of  the  ice,  hence  there  is  only 
a  very  narrow  bare  zone  bordering  the  ice,  in  places  practically  none. 
This  vegetation  is  5  to  15  feet  high  and  is  mainly  alders,  at  least  out 
as  far  as  points  A  and  B,  and  the  glacier  front  is  now  close  to  its 
maximum  extension  in  the  last  15  and  probably  in  the  last  50  years. 
The  shores  of  the  bay  lack  the  usual  forest,  and  most  of  the  trees 
present  are  less  than  3  inches  in  diameter.  Though  the  trees  are  not 
large,  it  seems  very  improbable  that  the  glacier  has  extended  to  the 
entrance  of  Shoup  Bay  within  the  last  100  years.  The  mouth  of  the 
bay  19  neariy  closed  by  a  morainic  deposit,  behind  which  is  a  con- 
siderable depression  and  in  front  of  which  is  a  steep  slope  to  the  flat 
bottom  of  Port  Valdez.  (See  fig.  2.)  Shoup  Bay  is,  therefore,  a 
hanging  valley  on  the  side  of  Port  Valdez,  the  floor  of  the  bay  being 
more  than  500  feet  above  the  bottom  of  the  port.  The  general  post- 
glacial submergence  of  this  part  of  the  Alaskan  coast  has  embraced 
the  drowning  of  the  main  glacial  trough  (Port  Valdez)  and  the  hang- 
ing valley  (Shoup  Bay)  on  its  side.  (See  submarine  contour  lines 
on  figs.  1  and  2.) 

Photograplif  of  Shovp  OUoter. 

8c  33.  Distant  view  of  glacier,  looking  N.  40""  W.    1898. 

Sc  61.  Fnmt  of  glacier,  looking  N.  45^  W.  from  point  on  south  300  feet  above  sea 
level.  This  point  is  probably  about  one-fourth  mile  southwest  of  point  A  in  figure  2. 
1898. 
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Sc  197.  Distant  view  of  glacier,  looking  north-northwest.    October  26,  1898. 

P  662.  Detail  of  front  of  glacier  from  point  near  south  end  of  front.    July  4,  1905. 

P  663.  From  same  point  as  No.  P  662.    Nos.  P  662  and  663  form  a  panorama. 

P  664.  From  same  point  as  No.  P  662. 

P  665.  North  part  of  front  of  glacier,  from  point  A,  fi^re  2.    July  4,  1905. 

P  666.  Center  of  front  of  glacier,  from  point  A. 

P  667.  South  part  of  front  of  glacier,  from  point  A .    Nos.  P  665  to  667  form  a  panorama. 

P  705.  South  part  of  front  of  glacier.    July  4, 1905. 

P  706.  A  nearer  view  of  the  same.    July  4,  1905. 

P  707.  A  still  nearer  view  of  part  of  the  same,  showing  push  moraine.    July  4, 1905. 

G  10.  Here  reproduced  as  Plate  V,  A.  North  part  of  front  of  glacier,  from  point  A, 
figure  2.  Point  A  is  the  top  of  a  small  round  glaciated  rock  knob  about  60  feet  above 
sea  level,  on  the  south  point  of  the  entrance  to  the  inner  part  of  Shoup  Bay.  July  13, 
1908. 

G  11.  Center  of  front  of  glacier,  from  point  A. 

G  12.  Here  reproduced  as  Plate  V,  B.  South  part  of  front  of  glacier,  from  point  A. 
Nos.  G  10  to  12  form  a  panorama. 

G  73.  North  part  of  front  of  glacier,  from  point  B,  figure  2.  Point  B  is  the  middle 
one  of  the  three  rocky  projections  on  the  north  point  of  the  entrance  to  the  inner  part 
of  Shoup  Bay.    The  station  was  about  30  feet  above  sea  level.    June  16,  1909. 

G  74 .  South  part  of  front  of  glacier,  from  point  B .    Nos.  G  73  and  74  form  a  panorama. 

G  75.  North  part  of  front  of  glacier,  from  point  A,  figure  2.    June  16, 1909. 

G  76.  Center  of  front  of  glacier,  from  point  A. 

G  77.  South  part  of  front  of  glacier,  from  point  A.  June  16, 1900.  Nos.  G  75  to  77 
form  a  panorama.    This  point  was  occupied  by  Tarr  and  Martin  in  August,  1909. 

COLUMBIA  GLAOIEB. 

The  Columbia  Glacier  is  situated  at  the  head  of  Columbia  (or 
Glacier)  Bay,  15  miles  northeast  of  the  town  of  Ellamar.  Davidson 
indicates  that  this  has  abo  been  called  the  Freemantle  Glacier.^ 
The  name  Columbia  was  applied  by  the  Harriman  Alaska  Expedition 
(1899)  and  is  now  in  common  use.  Gilbert'  has  described  the 
Columbia  Glacier  in  detail,  and  it  is  not  necessary  to  duplicate  his 
descriptions.  Some  additional  information,  mostly  concerning  the 
fluctuations  of  the  glacier,  will  be  given  below.  Other  facts  connected 
with  this  glacier  have  been  noted  by  Tarr  and  Martin.' 

We  visited  the  Columbia  Glacier  on  July  10,  1905,  July  15,  1908, 
and  June  24,  1909.  On  the  two  earlier  dates  a  few  notes  and  photo- 
graphs were  taken,  and  on  the  last  date  the  bay  and  the  front  of  the 
glacier  were  mapped  and  a  series  of  photographs  was  obtained.  Our 
chief  observations  have  to  do  with  the  fluctuations  of  the  glacial 
front  that  have  taken  place  since  the  study  of  the  glacier  by  Gilbert 
in  1899.  Data  concerning  the  position  of  the  front  of  the  ice  are 
given  on  the  accompanying  map  (PI.  VI),  on  which  is  also  indi- 
cated approximately  the  position  of  the  glacial  front  in  1899  as 

1  DavldBOii,  Q«oiie,  The  gladen  of  Alaska  that  are  shown  on  Russian  charts  or  mentioned  In  older 
nanrntives:  Trans,  and  Proc.  Oeog.  8oc.  Pacific,  2d  ser.,  vol.  3, 1904,  p.  33. 

<  OUbert,  O.  K.,  Glaciers  and  gladation:  Ahoka,  vol.  8,  Harriman  Alaska  Expedition,  1904,  pp.  71-^. 

•  TaiT,  R.  B.,  and  Martin,  Lawrence,  The  National  Oeographio  Society's  Alaskan  Sipeditlon  of  1909: 
Nat  Geog.  liag.,  vol.  21, 1910,  pp.  l-M. 
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WEST    PART    OF    FRONT    OF    COLUMBIA    GLACIER. 

From  point  G,  PI.  VI. 
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EDGE    OF    COLUMBIA    GLACIER. 

Showi  fluted  moraine  *nd  forest  overturned. by  ice- 


EDGE    OF    COLUMBIA    GLACIER. 
Same  locality  »s  that  shown  in  Plate  VIII, 
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determined  by  a  comparison  of  maps  and  photographs.  Evidence 
of  the  advance  of  the  ice  front  in  the  last  10  years  has  been  obtained 
(1)  at  its  west  edge,  (2)  at  the  point  where  the  glacier  rests  on  a  small 
island  nef^r  the  north  end  of  Heather  Island,  and  (3)  at  the  north- 
east edge. 

Gilbert's  description  and  photograph  (PI.  VII,  A)  show  at  the 
western  end  of  the  glacial  front  a  bare  zone  200  to  300  feet  in  width 
between  the  forest  and  the  ice.  This  locality  was  not  examined  by 
us  in  1905  and  1908.  In  1909,  however,  the  glacier  had  advanced 
sufficiently  to  cover  the  entire  bare  zone  and  to  encroach  upon  the 
forest  itself  (PI.  VII,  B).  The  forest  was  then  being  attacked  by  the 
ice,  and  considerable  havoc  among  the  trees  had  been  caused  by  streams 
along  the  side  of  the  glacier  and  by  waves  produced  by  the  fall  of  ice- 
bergs. We  estimated  that  the  ice  at  its  western  edge  was  (in  1009) 
500  feet  in  advance  of  its  position  in  1899,  and  that  this  advance  had 
taken  place  in  the  main  since  July,  1908. 

On  the  island  on  which  the  glacier  rests  north  of  Heather  Island 
is  a  locality  (point  D,  PL  VI)  from  which  we  have  photographs 
taken  on  June  26,  1899,  July  10,  1905,  July  15,  1908,  and  June  24, 
1909.  These  photographs  show  the  relations  of  the  ice  front  to  the 
forest  and  are  reproduced  as  Plates  VIII,  A  and  B,  and  IX,  A  and 
B,  respectively.  The  earliest  of  these  photographs  (PL  VIII,  A)  shows 
the  front  of  the  ice  resting  at  the  north  edge  of  a  small  pond.  Directly 
back  of  the  man  in  the  picture  are  some  barkless  trees,  which  were 
probably  killed  by  an  advance  of  the  ice  some  years  previous  to  the 
advance  that  threw  up  the  push  moraine  on  which  are  the  tilted 
living  trees.  The  small  push  moraine  on  which  the  man  stands 
marks  a  still  more  recent  position  of  the  ice  front,  but  probably  not 
more  than  three  years  later  than  the  larger  moraine.  Back  and  to 
the  left  or  north  of  this  small  moraine  is  exposed  the  fluted  moraine 
described  by  Gilbert,  which  he  thought  had  been  exposed  not  more 
than  one  or  two  years. ^  The  ice  front  in  1905  was  160  feet  north 
of  its  position  in  1899,  at  the  edge  of  the  small  pond,  and  is  not 
shown  in  the  photograph  taken  in  1905  (PI.  VIII,  B),  but  the  tongue 
of  ice  in  the  background  is  farther  advanced  than  it  was  in  1899. 
In  1905  grasses  and  weeds  had  begim  to  get  a  foothold  on  tlie 
fluted  moraine  surface.  In  1908  the  ice  front  north  of  the  small 
pond  was  60  feet  north  of  its  1899  position,  and  the  ice  tongue  in 
the  background  was  less  advanced  than  in  1905  and  more  advanced 
than  in  1899  (PL  IX,  ^1).  On  June  24,  1909,  the  ic^  had  advanced 
so  as  to  cover  the  position  of  the  small  pond  and  had  again  invaded 
the  forest  (PL  IX,  B).  From  the  photographs  it  is  estimated  that 
the  ice  front  at  this  place  was  then  250  feet  farther  south  than  in 
1899,  and  that  the  ice  in  the  background  was  also  farther  advanced 

»Op.cit.,pp.77-78. 
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than  at  the  other  dates  noted.  Tarr  and  Martin  visited  the  Colum- 
bia Glacier  on  August  23,  1909,  and  reported  that  the  position  from 
which  the  above  photographs  were  taken  was  then  covered  by  ice. 
A  photograph  taken  by  them  at  that  time  from  a  position  a  few 
rods  south  of  where  the  others  were  taken  shows  the  ice  70  feet 
(estimated)  farther  advanced  than  on  June  24,  1909,  indicating  an 
average  rate  of  advance  of  1.17  feet  a  day  for  the  ice  front.  The 
actual  rate  of  movement  of  the  ice  was  doubtless  considerably 
greater  than  this,  for  melting  was  at  its  maximum  during  this 
period. 

Taking  as  the  starting  point  the  position  of  the  front  of  the  ice 
when  it  formed  the  push  moraine  on  which  are  the  tilted  but  still 
living  trees  (PL  VIII,  A),  and  estimating  the  date  of  this  position 
as  1894,  we  have  the  following  history  of  the  fluctuations  of  the  ice 
front:  1.  Retreat  (amount  uncertain)  and  readvance  (amount  uncer- 
tain) to  form  the  small  push  moraine  on  which  the  man  is  shown 
standing  in  Plate  VIII,  A.  It  is  estimated  that  the  readvance  took 
place  in  1897  and  reached  a  point  about  140  feet  behind  the  first 
position.  2.  Retreat  of  60  feet,  1899.  3.  Retreat  of  160  feet,  1905. 
4.  Advance  of  100  feet,  19Q8.  5.  Advance  of  310  feet,  June  24,  1909. 
6.  Advance  of  70  feet,  reachijrig  a  point  120  feet  in  advance  of  the 
former  (1894)  maximum,  August  23,  1909.  There  may  have  been 
other  smaller  fluctuations  of  which  there  is  no  record. 

In  the  locality  where  these  measurements  were  made  the  drift 
contains  abundant  fragments  of  trees  as  far  north  as  the  maximum 
retreat  (1905).  The  forest,  therefore,  has  probably  extended  con- 
siderably farther  north  than  at  present  and  has  been  overrun  for 
an  unknown  distance  by  the  ice  advance  in  comparatively  recent 
years — that  is,  prior  to  1894. 

The  photographs  (Pk.  VIII  and  IX)  are  of  interest  also  in  showing 
the  growth  of  vegetation  on  a  freshly  exposed  till  surface.  In  the 
first  year  or  two  no  vegetation  had  gained  a  foothold;  in  the  next 
six  years  very  little  grass  had  appeared,  although  fireweed  (EpDo- 
bium),  which  is  one  of  the  first  plants  to  cover  ground  recently 
vacated  by  ice,  was  very  conspicuous  in  the  outer  part  of  the  bared 
zone.  In  1909  the  ground  was  well  covered  by  grass,  but  no  trees 
nor  shrubs  were  noticed.  A  number  of  the  tilted  trees  that  were 
alive  in  1899  had  died  by  1905  and  still  others  by  1909.  The  drop- 
ping of  twigs  and  bark  from  the  dead  trees  and  the  general  decay 
of  the  trunks  progressed  comparatively  little  from  1899  to  1909. 
The  impression  one  is  apt  to  gain  from  visiting  an  area  of  forest 
invaded  by  ice  or  of  ground  recently  bared  by  ice  is  that  the  time 
since  the  ice  advanced  or  retreated  is  very  much  shorter  than  is 
really  the  case.  Were  it  not  for  the  evidence  of  dated  photographs, 
examination  of  this  locahty  in  1909  would  probably  convince  one 
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that  the  former  maximum  advance  of  the  ice  was  three  or  four  years 
rather  than  15  or  more  years  ago.  ^ 

In  the  advance  of  the  ice  in  1909  into  the  previously  disturbed 
forest  some  trees  were  pushed  forward  bodily  without  being  over- 
turned, although  the  inclination  of  some  was  changed.  One  tree 
had  been  moved  ahead  of  the  ice  100  feet  by  June  24,  1909,  and 
even  farther  by  August  23  of  the  same  year,  but  was  still  nearly 
upright.  This  is  the  taU,  limbless,  barkless,  nearly  upright  tree  near 
the  right  of  Plate  IX,  B.  The  same  tree*in  a  different  position  can 
be  recognized  in  the  other  photographs  of  this  locality  (Pis.  YIII, 
A  and  B,  and  IX,  A).  Such  movement  without  overthrow  of  trees 
could  be  readily  accomplished,  when  the  ground  was  frozen,  by  the 
glacier  pushing  forward  the  frozen  layer  of  soil,  but  in  the  case  just 
described  part  of  the  movement  took  place  in  July  and  August,  when 
the  ground  was  not  frozen. 

On  the  western  edge  of  the  island  on  which  the  glacier  rests  the 
ic«  was  also  advancing  on  June  24,  1909.  At  the  highest  tide  line 
the  front  of  the  ice  had  then  just  reached  the  limit  of  its  farthest 
previous  advance  since  the  advent  of  the  present  forest  and  was 
again  attacking  the  trees  that  had  been  killed  or  disturbed  in  that 
advance,  estimated  to  have  taken  place  in  1894.  (See  PL  X,  A.) 
The  lowest  tree  resting  on  the  ice  shown  in  this  illustration  is  visible 
at  the  extreme  left  of  a  photograph  (G  19)  taken  on  July  15,  1908, 
when  the  ice  was  200  feet  (estimated)  north  of  this  tree.  On  the 
beach  at  this  place  in  1909  a  push  moraine  25  feet  high  (PL  X,  B), 
composed  of  beach  materials,  bordered  the  ice  and  was  in  places 
actually  being  advanced  by  it.  As  this  push  moraine  rested  on  land 
covered  by  the  highest  tides,  it  had  probably  been  formed  only  a  few 
weeks. 

An  ascent  of  the  glacier  was  made  near  the  western  side  of  this 
island  in  June,  1909,  and  barometer  readings  checked  on  sea  level 
showed  that  the  height  of  the  tidal  ice  cliff  west  of  the  island  was  at 
least  400  feet.     In  1899  it  was  estunated  to  be  300  feet. 

The  eastern  part  of  the  island  consists  of  a  terminal  moraine,  which 
is  not  covered  with  bushes  or  trees  and  is  of  recent  construction, 
probably  dating  from  1894.  This  moraine  was  being  added  to  at  the 
times  of  our  visits  in  1908  and  1909.  In  the  earlier  year  examples  of 
both  push  and  terminal  moraines  were  seen  in  process  of  formation. 
The  former  were  in  places  being  added  to  directly  by  deposits  from 
the  melting  of  the  ice  that  was  constructing  them,  and  the  latter 
showed,  on  a  small  scale,  fine  examples  of  knob  and  kettle  topog- 
raphy in  the  making.  In  1909  flows  of  mud  were  coming  down  from 
the  melting  edge  of  the  ice  and  were  reaching  tidewater,  where  they 
aided  in  silting  the  tide  flats  just  west  of  the  north  end  of  Heather 
Island. 
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In  the  moraine  here  described  were  many  fragments  of  shells  of 
pelecypods  and  gastropods,  apparently  of  recent  species.  It  is 
improbable  that  these  forms  live  in  the  cold  milky  waters  adjacent 
to  the  melting  ice,  and  the  presence  of  their  remains  in  the  recently 
deposited  drift  would  indicate  that  the  ice  front  was  in  geologically 
recent  time  considerably  farther  north  than  at  present.  The  head 
of  the  north  end  of  the  eastern  part  of  Columbia  Bay  is  shallow,  and 
it  is  suggested  that  a  retreat  of  the  ice  front  of  not  more  than  a  mile 
might  have  exposed  grouhd  above  tidewater,  so  that  the  drainage 
from  the  eastern  part  of  the  glacier  would  be  diverted  westward, 
leaving  the  eastern  part  of  Columbia  Bay  free  or  nearly  free  of  glacial 
waters,  thus  establishing  conditions  favorable  to  molluscan  life  at 
this  point. 

The  wide  tongue  of  ice  that  rests  on  the  small  island  near  the  north 
end  of  Heather  Island  was  pushing  forward  rapidly  in  Jime,  1909,  and 
Tarr  and  Martin  report  farther  advances  in  August  of  the  same  year. 
We  have  not  sufficient  information  to  determine  definitely  how  far 
this  tongue  has  advanced  in  recent  years,  but  Gilbert^s  map  *  and  our 
impressions  gained  by  a  hurried  visit  in  1908  would  indicate  that  the 
extreme  southern  part  of  this  ice  tongue  in  1909  was  700  feet  in 
advance  of  its  position  10  years  before.  The  reason  for  the  extreme 
advance  at  this  point  is  probably  to  be  found  not  so  much  in  the 
fact  that  this  portion  of  the  glacier  is  moving  more  rapidly  than  the 
rest  of  the  ice  stream  as  in  the  fact  that  the  front,  both  east  and 
west  of  this  tongue,  is  attacked  by  warm  ocean  water  and  waves, 
which  cause  breaking  down  of  the  ice  front  as  well  as  more  rapid 
melting  than  on  the  land.  The  part  of  the  glacier  west  of  this  island, 
where  the  water  is  probably  deep,  doubtless  has  a  considerably 
higher  rate  of  movement  than  the  part  east  of  the  island  where  the 
water  is  very  shallow.  The  projection  of  the  tongue  of  ice  above 
mentioned  beyond  the  general  front  of  the  glacier  was  very  noticeable 
in  1909  and  is  shown  by  photographs  taken  10  years  earlier,  though 
it  does  not  appear  so  prominently  on  the  map  made  in  1899.  The 
approximate  location  of  the  front  of  this  tongue  in  both  these  years 
is  shown  on  the  map  forming  Plate  VI. 

At  the  northeastern  comer  of  Columbia  Bay  (northeast  of  point  C, 
shown  in  Pi.  VI)  there  was  in  1909  a  well-defined  bare  zone  50  to  200 
feet  wide  between  the  ice  front  and  the  forest  which  had  been 
attacked  by  an  earlier  advance  of  the  glacier.  (See  PI.  XI,  B.) 
The  ice  was  advancing  on  this  bare  zone  in  1909.  It  was  probably 
at  this  point  that  Gilbert  estimated,  from  spruce  trees  which  had 
grown  since  the  forest  was  destroyed,  that  this  catastrophe  occurred 
not  later  than  1892.     South  of  point  C  there  is  a  small  stretch  of  beau- 
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tiful  and  typicaUy  morainic  country  (PI.  XII,  A),  which  is  now  well 
grassed  over  and  which  carries  small  scattered  spruces  and  some 
thin  tundra  soil.  These  spruces  range  in  size  up  to  6  inches  in 
diameter,  the  largest  being  perhaps  15  or  20  years  of  age.  South 
and  southeast  of  this  morainic  area  are  remnants  of  a  forest,  which 
was  partly  destroyed  by  the  ice  when  the  outer  portion  of  this 
moraine  was  formed  (PI.  XII,  A),  that  is,  at  the  earliest  advance 
recorded  since  the  advent  of  the  present  forest — ^probably  50  years  ago 
and  possibly  longer. 

Photogxaphi  of  Oolnnbla  Olactor. 

Gi  337.  Distant  view  of  glacier  from  point  near  east  side  of  entrance  to  Columbia 
Bay.    June  25,  1899. 

Gi  33S.  Western  part  of  glacier  from  point  near  center  of  entrance  to  Columbia  Bay. 
June  25,  1899. 

Gi  339.  Center  of  glacier.    June  25,  1899. 

Gi  340-344.  Rmoiama  of  glacier  from  hill  east  of  glacier.    June  26,  1899. 

Gi  34$.  Front  of  glacier  from  the  east.    June  26,  1899. 

Gi  346.  Suzbce  of  glacier.    June  26,  1899. 

Gi  346a.  Surface  of  glacier.    June  26,  1899. 

Gi  347.  Suifture  of  broad  moraine  on  glacier.    June  26, 1899. 

Gi  348  and  349.  Forest  overturned  by  recent  advance  of  glacier.    June  26, 1899. 

Gi  350  and  351.  Southeast  front  of  glacier.    June  26,  1899. 

Gi  352  and  353.  Fluted  moraine  at  front  of  glacier  from'a  position  probably  a  few 
yards  northwest  of  point  D,  Plate  VI.    June  26, 1899. 

Gi  354.  Hero  reproduced  as  Plate  VIII,  A,  Fluted  moraine,  forest  overturned  by 
ice,  and  edge  of  glacier,  from  point  D,  Plate  VI.    See  under  P  673.    June  26,  1899. 

Gi  355.  Hero  reproduced  as  Plate  VII,  A.  West  end  of  front  of  glacier  from  point 
G,  Plate  VI.    See  under  G  90.    June  27.  1899. 

Gi  356.  Push  moraine  on  western  shore  of  Columbia  Bay.    June  27,  1899. 

Gi  357  and  358.  Fknorama  of  western  part  of  front  of  glacier  from  western  shore  of 
Columbia  Bay.    June  27,  1899 

Gi  359.  Front  of  glacier  from  western  shore  of  Columbia  Bay.    June  27,  1899. 

Gi  360.  Front  of  glacier  from  hOl  on  western  shore  of  Columbia  Bay.    June  27, 1899. 

P  671  and  672.  Front  of  glacier,  from  position  near  point  £,  Plate  VI.    July  10, 1905. 

P  673  and  674.  No.  673  is  here  reproduced  as  Plate  VIII,  B.  Panorama  of  fluted 
moiaine,  forest  overturned  by  ice,  and  front  of  glacier'from  point  D,  Plate  VI.  Point 
D  ia  on  the  northern  part  of  the  small  island  on  which  the  front  of  the  glacier  rests. 
Thia  position  was  overridden  by  the  ice  in  August,  1909.  July  10,  1905.  From  the 
same  position  photographs  have  been  taken  as  follows:  Gi  354,  June  26,  1899;  G  17 
and  18,  July  15, 1908;  G  85  and  86,  June  24, 1909. 

G  15.  FVont  of  glacier  from  position  one-half  mile  northeast  of  point  D,  Plate  VI. 
July  15, 1908. 

G  16.  Ice  overriding  moraine  from  position  about  one-fourth  mile  northeast  of 
|x>int  D,  Plate  VI.    July  15, 1908. 

G  17  and  18.  No.  17  ia  here  reproduced  as  Plate  IX,  ^ .  Panorama  of  fluted  moraine, 
forest  overturned  by  ice,  and  front  of  glacier  from  point  D,  Plate  VI.  See  under 
P673.    July  15, 1908. 

G  19.  Front  cd  glacier  and  push  moraine  from  a  position  a  few  rods  west  of  point  D, 
Plate  VI.    July  15, 1908. 

G  20  and  21.  M(»ainic  topography  in  process  of  formation  from  position  about  one- 
fourth  mile  northeast  of  point  D,  Plate  VI.    July  15, 1908. 
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G  8Q  and  81.  Pftnorama  of  front  of  glacier  from  point  A,  Plate  VI.  Point  A  is  a 
rocky  point  on  the  east  shore  of  Columbia  Bay  11  miles  north  of  Emerald  Cove.  June 
24,1909. 

G  82.  Here  reproduced  as  Plate  XII,  A.  Front  of  glacier  and  old  moraine  from 
point  6,  Plate  VI.  Point  B  is  on  the  summit  of  a  beautifully  developed  moraine  at 
the  north  edge  of  the  imdisturbed  forest  west  of  the  mouth  of  the  stream  which  enters 
Columbia  Bay  at  its  northeast  comer.    June  24,  1909. 

G  83.  Here  reproduced  as  Plate  XI,  B.  Front  of  glacier  and  overturned  forest, 
from  point  C,  Plate  VI.  Point  0  is  close  to  the  edge  of  the  ice  and  0.3  mile  north  of 
point  B.    June  24,  1909. 

G  84.  Front  of  glacier  and  mud  flows  from  position  about  one-half  mile  east  of  point 
D,  Plate  VI.    June  24,  1909. 

G  85  and  86.  No.  85  is  here  reproduced  as  Plate  IX,  B.  Forest  overturned  by  ice 
and  edge  of  glacier,  from  point  D,  Plate  VI.    June  24,  1909.    See  under  P  673. 

G  87.  Here  reproduced  as  Plate  X,  ^.  Front  of  glacier  from  position  a  few  rods 
west  of  point  D,  Plate  VI.  June  24,  1909.  The  lowest  (dead)  tree  in  this  photograph 
is  seen  at  the  extreme  left  of  G  19. 

G  88.  Here  reproduced  as  Plate  XI,  A.  Front  of  glacier  from  point  £,  Plate  VI. 
Point  £  is  the  top  of  a  ledge  of  coarse-grained  gray wacke  on  the  beach  on  the  west  side 
of  the  island  on  which  the  glacier  rests.  This  ledge  is  not  entirely  covered  by  ordinary 
high  tide.    June  24,  1909.     Photograph  G  184  was  taken  from  this  same  point. 

G  89.  Front  of  glacier,  looking  N.  51°  W.  (magnetic)  from  point  F,  Plate  VI.  Point 
F  is  a  prominent  exposure  of  massive  graywacke  on  the  end  of  a  point  projecting  from 
the  west  side  of  Heather  Island,  about  a  mile  from  the  south  end  of  this  island.  June 
24,  1909. 

G  90  and  91.  Here  reproduced  as  Plate  VII,  B.  West  part  of  front  of  glacier  from 
point  G.  Point  G  is  on  the  end  of  a  rocky  point  on  the  west  side  of  Colimibia  Bay. 
The  actual  position  from  which  the  photograph  was  taken  is  covered  at  high  dde. 
Jime  24,  1909.  Photograph  Gi  355  was  taken  from  this  same  position  on  June  27, 
1899. 

G  92.  Front  of  glacier  from  point  near  north  shore  of  Glacier  Island.    June  25,  1909. 

G  174.  Front  of  glacier  from  position  1,000  feet  south  of  point  C,  Plate  VI.  June 
24,  1909. 

G  175.  Front  of  glacier  from  station  on  moraine  about  three-fourths  of  a  mile  south- 
west of  point  B.    June  24,  1909. 

G  176.  Front  of  glacier  from  station  about  one-fourth  of  a  mile  east  of  Point  D.  June 
24,1909. 

G  177.  Surface  of  glacier  from  station  on  glacier  about  one-eighth  of  a  mile  north  ol 
point  D.    June  24,  1909. 

G  178.  Front  of  glacier  from  same  station  as  G  177.    June  24,  1909. 

G  179.  Crevasse  in  glacier  from  same  station  as  G  177.    June  24,  1909. 

G  180.  Surface  of  glacier  from  same  station  as  G  177.    June  24,  1909. 

G  181.  Front  of  glacier  and  push  moraine  from  a  position  a  few  rods  west  of  point  D. 
June  24,  1909. 

G  182.  Front  of  glacier  and  overturned  forest  from  a  position  a  few  rods  west  of  point 

D.  June  24,  1909. 

G  183.  Here  reproduced  as  Plate  X,  B.     Front  of  glacier  and  push  moraine  from  a 
position  a  few  rods  west  of  point  D.    June  24,  1909. 
G  184.  Front  of  glacier  from  point  E.     See  under  G  88.    June  24,  1909. 
G  185.  Front  of  glacier  from  a  position  about  one-eighth  of  a  mile  southeast  of  point 

E,  Plate  VI.    June  24,  1909. 

G  186  to  189.  Icebergs  from  glacier.    June  24,  1909. 

G  191.  tVont  of  glacier  from  near  north  shore  of  Glacier  Island.    June  25,  1909. 
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T7NAXWIX  ZNI4BT. 
GENERAL  FEATURES. 

Unakwik  Inlet  is  16  miles  west  of  Glacier  Bay  and  extends  north- 
ward from  the  main  body  of  Prince  William  Sound  for  22  miles  (esti- 
mated). The  bay  is  from  1  to  3  miles  wide  and  does  not  appear  to 
be  very  deep;  at  any  rate  there  are  shallows  in  places  due  to  inorainic 
accumulations.  One  of  the  most  noticeable  of  these  is  in  the  vicinity 
of  Jonah  Bay.  The  northern  part  of  Unakwik  Inlet  is,  however,  fiord- 
like and  is  probably  deep.  On  the  west  side,  about  Jonah  Bay,  are 
a  few  small  glaciers  high  up  in  the  mountains.  Three  of  these  are 
on  the  flanks  of  the  most  promment  mountain  on  the  west  side  of 
Unakwik  Bay.  We  named  this  Unakwik  Peak.  From  its  western 
side  descend  the  Amherst  and  Crescent  glaciers  of  Port  Wells.  East 
of  Unakwik  Inlet  the  Pedro  Glacier  lies  back  in  the  mountains,  and  its 
waters  reach  tidewater  through  Miners  Lake  and  Miners  River. 
Four  miles  north  of  the  mouth  of  this  river  is  a  small,  narrow,  beau- 
tiful, cascading  ice  stream,  named  BriUiant  Glacier.  Ranney  Glacier 
is  a  prominent  feature  of  the  upper  part  of  Unakwik  Inlet.  Tliis 
Racier  does  not  reach  tidewater,  but  a  stream  (Ranney  Creek)  from 
the  glacier  enters  the  northwest  side  of  the  bay  half  a  mile  west  of  the 
front  of  Unakwik  Glacier. 

MEARES   GLACIER. 

The  Meares  Glacier  is  situated  at  the  head  of  Unakwik  Inlet.     We 

have  named  it  after  one  of  the  early  (1786)  explorers  of  Prince  William 

Sound,  Capt.  John  Meares.     Little  definite  information  concerning 

this  glacier  is  available  aside  from  the  sketch  and  photograpLs  here 

noted.     Fidalgo  (1790)  and  probably  also  Vancouver  (1794)  visitx>d 

this  bay,  found  the  upper  part  blocked  by  ice,  and  noted  the  noise 

made  by  the  fall  of  ice  from  the  glacier  front.     The  maps  of  tliat  time 

are  too  inaccurate  to  give  definite  information  concerning  the  ])osition 

of  the  front  of  the  glacier.     On  August  25,  1905,  we  made  a  hurried 

visit  to  the  head  of  Unakwik  Inlet,  but  made  no  map  of  the  ghicial 

front  and  took  no  photographs  because  our  supply  of  fdms   was 

exhausted.     On  June  26,  1909,  we  again  visited  the  bay  and  mapped 

(fig.  3)  and  photographed  (PI.  XII,  B)  the  front  of  the  glacier. 

The  Meares  Glacier,  although  not  so  large  as  others,  is  one  of  the 

most  beautiful  ice  streams  of  Prince  William  Sound.     The  end  of  the 

^W'ier  is  about  0.8  of  a  mile  wide  and  forms  a  vertical  wall  of  ])ure 

u-c  which  we  estimated  to  be  300  feet  high.     It  is  actively  disc^hurging. 

'The  glacier  is  formed  by  two  ice  streams,  which  descend  from  lofty 

mo\mtaui8.    The  northern  stream  is  the  larger,  and  from  the  junction 

^«fi  two  a  small  medial  moraine  extends  westward  to  the  end  of 

™  Pwier,  keeping  well  toward  its  southern  side. 
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In  1905,  as  viewed  from  the  distance  of  a  mile,  the  bushes  and  trees 
seemed  to  be  close  to  the  ice,  and  no  bare  zone  (or  at  most  a  very 
narrow  one)  was  visible  between  the  ice  and  the  forest.     In  1909  the 

front  of  the  glacier  ap- 
peared to  be  a  little  in 
advance  of  its  position 
of  four  years  before. 
On  the  south  side  of 
the  glacier  near  the 
front  was  a  brown 
zone,  estimated  to  be 
200  feet  wide,  which 
appeared  to  be  dead 
vegetation  rather  than 
bare  rock,  and  on  the 
northern  edge  of  this 
brown  zone,  at  the 
southern  edge  of  the 
glacier,  were  a  few 
small  trees.  There  is 
a  sparse  forest  close  to 
the  glacier  containing 
trees  10  inches  (esti- 
mated) in  diameter. 
The  ice  is  now,  there- 
fore, at  its  maximum  advance  within  the  last  100  years  and  quite 
probably  at  the  maximum  within  two  or  three  times  that  period. 

Photographs  of  TTiuJcwik  Inlet  and  Means  <Haoler. 

G  93.  Brilliant  Glacier,  ea^t  side  of  Unakwik  Inlet.    June  26,  1909. 

G  94.  North  part  of  front  of  Mearee  Glacier  from  point  A,  figure  3.  Point  A  is  on  a 
Riuall  flat-tupped  rock  point,  the  first  of  the  two  most  prominent  points  on  the  south  shore 
between  the  bend  near  the  head  of  Unakwik  Inlet  and  the  glacier.  It  is  about  half 
a  mile  from  the  point  at  the  bend  of  the  inlet.    June  26,  1909. 

G  95.  South  part  of  front  of  Meares  Glacier  from  point  B,  figure  3.  Point  B  is  on  a 
Hinall  rocky  projection  on  the  north  shore  of  the  head  of  Unakwik  Inlet,  situated  about 
300  yards  west  of  the  gravel  fan  at  the  mouth  of  Ranney  Creek.  The  small  point 
next  west  of  B  is  covered  with  alders.    June  26,  1909. 

G  96.  Here  reproduced  as  Plate  XII,  B.  Meares  Glacier  from  point  C,  figure  3. 
Point  C  is  a  small  rocky  point  directly  opposite  the  prominent  point  on  the  east  side 
of  Unakwik  Inlet  at  the  bend  near  its  head.  Just  back  (west)  of  point  C  rises  a  very 
steep  mountain  side.    June  26,  1909. 

PORT  WELLS. 

GENERAL  FEATURES. 

•  Port  Wells,  with  its  two  largo  arms,  College  and  Harriman  fiords, 
forms  the  extreme  northwestern  part  of  Prince  William  Sound. 
The  valley  in  which  Port  Wells  lies  is  very  extensive,  reaching  from 


FioiniB  3.— Map  of  Meares  Glacier  and  head  of  Unakwik  Inlet 
June  26, 1909.  Scale  Is  approximate.  Occupied  points  indicated 
by  oirdes,  Intersected  points  by  crosses. 


PORT  WELLS.  27 

the  front  of  the  Harvard  Glacier  south-southwest  through  Cochrane 
Bav  to  the  head  of  Port  Nellie  Juan,  a  distance  of  56  miles  at  sea  level. 
The  same  straight  depression  is  continued  for  an  unknown  distance 
both  north-northeast  and  south-southwest  of  *the  points  named. 
(See  PL  I,  in  pocket.) 

The  glaciers  of  Port  Wells  were  seen  in  part  by  Mendenhall  in 
1898  and  were  studied  by  the  Harriman  Alaska  Expedition  in  1899. 
We  made  a  hurried  visit  to  Port  Wells  in  August,  1905,  and  took  a  few 
notes  and  photographs.  On  August  11,  1908,  we  visited  the  Barry 
Glacier.  From  June  28  to  July  2,  1909,  we  were  in  Port  Wells  and 
at  this  time  mapped  the  port  and  its  ghiciera  (Pis.  I  and  XVII  and 
fig.  4)  and  obtained  a  few  photogniphs.  Port  WeUs  and  its  glaciers 
form  a  very  inviting  field  and  would  well  repay  careful  study. 

West  of  Port  WeUs  are  extensive  unexplored  ice  fields,  from  which 
numerous  glaciers  emerge.  Many  of  these  glaciers  reach  sea  level. 
There  are  also  numerous  smaller  ice  streams,  each  of  which  comes 
from  a  n6v6  area  of  its  own,  so  that  the  glacier  and  the  wkwk  are 
practically  one.  The  southernmost  ice  field  of  Port  WeUs  is  that 
about  the  head  of  Harriman  Fiord,  which  feeds  the  northeastward- 
moving  Harriman  Glacier.  The  same  ice  field  apparently  furnishes 
material  to  the  Bettles  Glacier,  flowing  to  the  east,  and  to  the  Pigot 
and  BiUings  glaciers,  which  flow  southward.  It  is  probable  that  ice 
from  the  same  field  moves  westward  into  the  drainage  basin  of 
Tumagain  Arm  of  Cook  Inlet. 

COLLEGE   FIORD. 
OEVERAL  FEATXIBES. 

The  glaciers  of  CJoUege  Fiord  (fig.  4)  have  been  described  by 
Gilbert.*  Additional  data,  most  of  them  concerning  the  largest 
three  glaciers,  the  Yale,  the  Harvard,  and  the  Bryn  Mawr,  are  here 
given. 

Along  the  west  side  of  College  Fiord  is  a  lofty  mountain  range; 
the  prominent  peak  at  the  soutli  end  of  this  range  is  named  Mount 
Emerson,  after  Prof.  B.  K.  Emerson,  wlio  was  a  member  of  the 
Harriman  Alaska  Expedition  of  1899.  Within  a  short  distance  north 
of  this  peak  the  mountain  range  carries  several  glaciers  that  hang 
idgh  above  the  fiord,  and  beyond  thi^se  are  othei-s  which  descend  to 
nea  level  and  have  been  named,  from  south  to  north,  the  Well(»sley, 

\  asaar,  Bryn  Mawr,  and  Smith  glaciers.     North  of  the  latter  group 

"vUhc  Baltimore  Glacier,  wliicli  docs  not  reach  s(^a  lcv(4  (PI.  XTV,  A)- 

YALE  GLACIER. 

Tlve  first  description  of  the  Yale  Glacier  was  written  by  Menden- 
^*  in  1898.    In  1899  the  glacier  was  visited  by  the  Harriman 

•^Mintaii^ir'*?**'  ^**" ''  ^*''^'™^  Alaska  KxpedlUon,  1904,  pp.  81-89, 175-176.  ^ 

T^JJJJttJ;  ^*T*'  ^  rawnnalssanoe  from  ResumcUon  Bay  to  the  Tanana  River,  Alaska,  in  189 
««I>t.  U.  8.  Oeol.  Survey,  pt.  7, 1900,  pp.  273, 325. 
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Alaska  Expedition  and  described  by  Gilbert.*  In  1905  the  senior 
author  of  this  report  made  a  hasty  visit  to  the  east  ann  of  College 
Fiord  and  noted  that  the  only  evidence  of  either  recent  retreat  or 
advance  of  the  ice  front  was  a  very  narrow  bare  zone  on  the  east 
side  of  the  glacier  front. 

Notes  and  photographs  by  both  Mendenhall  and  Gilbert,  compared 
with  observat  ons  ma  le  I   1909  bhow  that  there  has  been  no  marked 
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advance  at  the  od^es  of  tlic  ice  front  since  1S98,  but  that  the  eastern 
side  of  the  glacuer  ha.s  advanced  slightly,     Gilbert  says: 

Tho  trough  in  which  i(  (the  glafier]  lies  is  foreeled  along  the  water  edge  on  both  sidoa 
for  the  greater  part  of  the  distance  from  the  main  fiord  to  the  glacier,  but  barren  in  the 
immediate  vicinity  of  the  glacier.  There  are  straggling  treee  high  on  the  valley  wall 
at  the  end  of  Ihc  glacier,  but  they  do  not  (■owe  di.wn  close  to  the  ice. 

I  Uairimui  Alasku  Expedillon,  vul.  S,  1HM,  p.  ffi. 
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This  was  the  condition  of  the  surroundings  at  the  time  of  our  visit 
in  1909,  except  that  there  was  a  very  narrow  bare  zone  on  each  side 
of  the  glacier.  On  the  east  side  the  ice  was  separated  from  grass  and 
alders  by  only  a  few  rods  of  rock  dfibris.  Possibly  these  narrow  bare 
areas  are  due  to  no  more  than  the  rapid  melting  away  of  the  ice  in 
the  summer.  Although  the  sides  of  the  fiord  are  barren  of  trees,  they 
are  clothed  with  a  tangle  of  salmonberry  bushes  and  alders  up  to  the 
line  where  the  scattered  timber  begins.  This  line  is  very  distinct  on 
each  side  of  the  fiord  (PI.  XIII,  Ay  right  side).  It  is  practically  hori- 
zontal at  an  elevation  of  900  feet  (estimated)  and  probably  marks  the 
lateral  margin  of  the  great  ice  stream  which  once  occupied  the  entire 
fiord. 

The  published  maps  show  the  front  of  the  glacier  as  approximately 
straight,  but  intersections  on  the  front  in  1909  showed  that  the  east 
part  of  the  glacier  projects  beyond  the  west  part.  The  former  portion 
is  held  in  place  by  a  hard  ledge  of  rock  extending  about  parallel  with  the 
axis  of  the  glacier.  Plate  XIII,  B,  shows  this  feature  of  the  front  as 
well  as  portions  of  the  rock  projecting  from  under  the  ice  cliflf.  This 
ledge  shows  distinctly  in  a  photograph  made  by  Curtis  in  1899.  The 
tiny  islands  in  the  foreground  of  Plate  XIII,  B,  are  gull  rookeries  and 
belong  to  the  same  hard  rock  layers.  The  station  from  which  this  view 
was  taken  is  on  a  glaciated  knob  of  the  same  resistant  formation. 
Careful  examination  of  the  Harriman  expedition  photograph  shows 
that  the  ice  front  was  then  probably  much  as  it  is  now.  The  irregular 
shape  may  have  been  overlooked  in  a  rather  cursory  survey,  for  we 
have  noticed  that  in  a  perspective  view  ice  fronts  are  very  deceptive 
and  that  a  seemingly  straight  wall  of  ice  shows  marked  irregularities 
when  more  closely  examined. 

The  west  side  of  the  glacier  is  probably  resting  on  a  surface  above 
high  tide,  as  noted  by  Gilbert.  In  fact,  at  two  places  small  portions 
of  such  a  surface  may  be  seen,  though  an  advance  of  a  few  yards 
would  cover  them.  On  the  extreme  west  a  small  morainal  deposit 
Ls  being  made. 

The  presence  of  a  mature  alder  thicket  close  to  the  ice  front  indi- 
cates that  the  glacier  is  now  very  near  its  maximum  advance  in  a 
period  of  perhaps  50  or  more  years.  The  gravelly  point  a  mile  below 
the  glacier  on  the  east  side  of  the  fiord  is  probably  the  remains  of  an 
older  terminal  (recessional)  moraine.  This  moraine,  however,  is 
later  than  the  time  of  greater  ice  extension  indicated  by  the  lower 
»       limit  of  the  spruce  forest  about  900  feet  above  sea  level. 

EARVASD  GLACIER. 

The  Harvard  Glacier  is  the  trunk  glacier  of  College  Fiord  and  is  the 
largest  and  most  impressive  of  that  inlet.  The  glacier  has  several 
/eeders  and  six  distinct  medial  moraines,  as  well  as  other  less  distinct 
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drift  accumulations  on  its  surface.  The  frontal  cliff  is  estimated  to 
be  350  feet  high,  and  at  the  times  of  our  visits  was  disch&rging 
abundantly,  the  water  down  as  far  as  College  Point  carrying  much 
ice.  Waves  generated  by  the  fall  of  icebergs  and  the  strong  currentir 
in  front  of  the  glacier  make  it  impracticable  to  approach  near  the 
glacial  front  in  a  small  boat.  Reports  are  current  that  native  seal 
hunters  in  bidarkas  have  been  drawn  under  the  glacier  by  northward 
flowing  currents.  At  the  time  of  our  visit  in  1909  there  were  marked 
northward-flowing  currents  on  both'sides^jf  the  fiord  near  its  upper 
end. 

The  Harvard  Glacier  was  visited  by  the  Harriman  Alaska  Expe- 
dition in  1899.^  Wo  saw  and  photographed  the  glacier  at  a  distance 
in  1905  and  from  a  nearer  point  in  1909  (Pis.  XIV,  A  and  B,  and 
XV,  ^). 

Gilbert's  description  calls  attention  to  the  relation  of  the  Harvard 
Glacier  to  its  southernmost  feeder  on  the  west,  the  Radcliffe  Glamer, 
and  notes  ttiat  the  two  barely  coalesced  in  1899,  and  that  the  medial 
moraine  bounding  the  feeder  extended  without  curvature  to  the 
frontal  cliff.  A  photograph  taken  in  1905  shows  that  practically 
the  same  conditions  prevailed  at  that  date.  In  1909,  however,  this 
medial  moraine  was  distinctly  curved  (as  Gilbert  predicted  it  would 
be  should  the  glaciers  advance),  and  it  followed  the  general  axis  of 
the  trunk  stream  for  half  a  mile  before  reaching  tidewater.  (Pk. 
XrV,  Ay  and  XV,  A.)  Thus  the  position  of  the  west  part  of  the  front 
of  the  Harvard  Glacier  was  approximately  the  same  in  1899  and  1905, 
but  there  was  an  advance  prior  to  July  1,  1909,  at  which  time  the 
ice  front  is  estimated  to  have  been  half  a  mile  farther  south  than  on 
the  earlier  dates. 

Gilbert  reports,  from  a  study  of  pliotographs,  that  in  1899  the 
eastern  part  of  the  front  of  the  Harvard  Glacier  was  1,000  to  2,000 
feet  north  of  the  apex  of  an  alluvial  fan  made  by  a  stream  from  a 
small  hanging  glacier.  A  photograph  taken  10  years  later  (PI; 
XIV,  B)y  compared  with  h\s  statements  and  photograph,*  indicates 
that  in  1909  the  eastern  part  of  the  glacial  front  had  advanced  beyond 
its  position  in  1899  by  a  distance  roughly  estimated  at  a  quarter  of 
a  mile. 

SMITH  GLACIER. 

The  Smith,  which  is  the  fii-st  tidewater  glacier  south  of  the  Harvard, 
has  not  been  studied  in  detail.  This  glacier  is  shown  in  photographs 
made  in  1899  and  1900,  but  these  were  taken  at  some  distance  and 
were  not  intended  primarily  to  show  this  glacier.  A  comparison  of 
these  photographs  and  of  maps  of  CoUege  Fiord  made  in  the  above- 
mentioned  years  indicates  that  the  front  of  the  glacier,  especially 

>  Alaska,  vol.  3,  Harriman  Alaska  Expedition,  1904,  pp.  84-86, 89. 
*  Idem,  vol.  1, 1901,  plato  facing  p.  72. 
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the  southern  half  of  the  front,  was  more  advanced  in  1909  than  it  was 
10  years  earlier.  The  amount  of  this  advance  can  not  be  accurately 
estimated  from  the  data  at  hand,  but  the  part  of  the  front  projecting 
beyond  the  shore  line  (see  fig.  4)  probably  was  not  present  in  1899. 
This  advance  is  perhaps  as  much  as  600  feet,  and  judging  frdhi  the 
advances  recorded  in  the  adjacent  glaciers  (Harvard  and  Bryn  Mawr) 
it  has  probably  taken  place  since  1905. 

BBTK  MAWR  OLACIBB. 

The  Bryn  Mawr  Glacier  is  the  largest  and  the  most  attractive  of 
those  on  the  west  side  of  College  Fiord.  It  is  a  veritable  ice  cascade 
and  gives  a  vivid  impression  of  a  rushing  torrent  to  one  who  views 
the  glacier  from  a  point  directly  in  front  and  not  far  distant.  (PI. 
XV,  B,)  The  Racier  is  formed  by  two  trunk  streams,  which  unite 
about  a  mile  back  from  tidewater.  The  two  streams  flow  in  a  deep 
valley  of  fairly  gentle  slope,  but  just  before  joining  they  plunge 
over  a  steep  slope.  Below  this  junction  the  glacier  has  a  gentle 
gradient  for  about  half  a  mile;  then  it  is  brought  by  another' and  still 
more  tumultuous  fall  nearly  to  tidewater,  before  reaching  which  it 
again  receives  a  flattened  profile  on  the  floor  of  College  Fiord.  These 
ice  cascades  are  shown  in  Plate  XV,  B,  and  Plate  XVI,  B,  and  the 
profile  of  the  lower  part  of  the  glacier  is  shown  in  Plate  XVI,  A. 
Below  the  crest  of  the  upper  fall  the  glacier  lies  in  a  very  shallow 
trough.  The  crests  of  these  ice  falls  are  thought  to  represent  the 
approximate  upper  limits  of  the  trunk  glacier  of  College  Fiord  at  two 
earlier  stages  in  its  history;  the  Bryn  Mawr  Glacier  of  to-day  occupies 
a  hanging  valley  on  the  side  of  this  fiord.  Similar  characters  are 
shown  by  other  glaciers  of  College  Fiord,  and  their  significance  has 
been  noted  by  Gilbert.^ 

A  comparison  of  the  photographs  taken  in  1899  '  with  those  taken 
in  1909  indicates  that  the  glacier  was  farther  advanced  at  the  latter 
date,  and  that  its  front  (especially  the  southern  half  of  the  front) 
deployed  more  widely  on  the  shallow  bottom  of  College  Fiord.  A 
photograph  taken  in  1905  (Fl.  XV,  B)  and  the  impression  gained 
from  a  brief  study  four  years  later  indicate  that  the  glacier  was  less 
advanced  at  the  earlier  date,  when  it  was  at  approximately  the 
same  position  as  in  1899.  The  amount  of  the  advance  shown  in  the 
photographs  taken  in  1909  can  not  be  estimated  closely  from  the  data 
at  hand,  but  it  is  probably  as  much  as  500  feet. 

VASSAB  OULCIBB. 

The  front  of  the  Vassar  Glacier  is  about  200  feet  high  and  is  covered 
with  d6bris  to  such  an  extent  that  the  underlying  ice  is  seen  only  by 

I  Op.  eU.,  ToL  1,  pp.  88-88, 17&-176.  *  See  Idem,  toL  2,  p.  276,  and  vol.  3,  froDtispiece. 
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close  examination.  The  south  part  of  the  front  of  this  glacier  was  in 
1909  as  far  advanced  as  it  had  been  in  recent  years,  whereas  the  north 
part  of  the  front  has  very  recently  been  200  feet  farther  east.  We 
made  no  measurements  or  photographs  of  this  glacier  in  1905,  but 
our  impression  is  that  in  1909  its  front  projected  farther  into  College 
Fiord  than  it  did  four  years  before.  Gannett's  map  of  1899  does 
not  show  this  glacier  projecting  east  of  the  coast  line,  as  it  did  10 
years  later  (fig.  4).  The  1899  map,  however,  is  drawn  on  a  very  small 
scale,  and  is  evidently  a  sketch  map,  so  that  this  detail  may  have 
been  omitted.  StiU  it  is  very  probable  that  the  Vassar  Glacier  did 
advance  between  1905  and  1909,  as  did  the  Bryn  Mawr  and  Harvard 
glaciers  and  probably  the  Smith  Glacier.  The  advance  of  the  Vassar 
Glacier  since  1899,  and  most  probably  since  1905,  is  thought  to  be 
about  500  feet. 

WBIXBBLXY  OLAOXI&. 

The  Wellesley  Glacier  carries  considerable  debris  on  its  north  side 
near  its  front.  There  is  a  bare  morainic  zone  along  both  sides  of  the 
front  of  this  glacier,  and  willows  10  feet  high  are  scattered  over  this 
morainic  area.  Herbaceous  vegetation  comes  practically  to  the  edge 
of  the  ice.  It  is  estimated  that  the  ice  front  in  1909  stood  as  far 
forward  as  it  had  at  any  time  in  the  last  five  years  and  that  the 
morainic  area  carrying  the  willows  represents  an  advance  of  15  or 
more  years  ago.  No  further  details  concerning  the  Wellesley  Glacier 
are  available. 

Photogxaphi  of  glacltn  of  OoDti*  Vlord. 

P  692.  Here  reproduced  as  Plate  XV,  B.    Bryn  Mawr  Glacier.    Aug;u8t  21,  1905. 

P  693.  Harvard  Glacier.    August  21,  1905. 

G  109.  Here  reproduced  as  Plate  XIV,  B,  East  part  of  front  of  Harvard  Glacier, 
from  point  M,  figure  4.  July  1, 1909.  ^oint  M  is  on  the  easfeem  edge  of  the  rocky  point 
in  front  of  the  Baltimore  Glacier  and  is  about  40  feet  above  sea  level. 

G  1 10.  West  end  of  front  of  Harvard  Glacier;  Baltimore  Glacier  at  left.    July  1, 1909. 

G  111.  Side  view  of  Bryn  Mawr  Glacier.    July  1,  1909. 

G  201.  West  side  of  College  Fiord  from  bay  northwest  of  Amherst  Glacier.  June 
30,1909. 

G  202  and  203.  Here  reproduced  as  Plates  XIII,  A  and  B.  Panorama  of  front  of  Yale 
Glacier  from  point  I,  figure  4.  July  1,  1909.  Point  I  is  on  a  small  round  rock  knob 
and  30  or  40  feet  above  sea  level.  This  is  one  of  a  series  of  knobs  formed  by  a  hard 
rock  layer  whose  northeastward  prolongation  is  marked  by  small  islands..  A  cairn  3 
feet  high  in  an  open  space  marks  point  I. 

G  204  and  205.  Panorama  of  east  part  of  front  of  Yale  Glacier  from  point  J,  figure  4. 
July  1,  1909.  Point  J  is  on  a  smooth,  rounded  rock  point,  the  most  prominent  one 
between  College  Point  and  the  north  end  of  the  front  of  the  Yale  Glacier.  The  station 
is  a  few  feet  from  the  water's  edge  on  a  rock  strongly  marked  by  glacial  grooving. 

G  206.  Here  reproduced  as  Plate  XVI,  B.  Bryn  Mawr  Glacier  from  end  of  College 
Point.    July  1,  1909. 

G  207.  Here  reproduced  as  Plate  XV,  A.  Harvard  Glacier  from  point  K,  figure 
4.  July  1,  1909.  Point  K  is  a  rocky  point  on  the  east  side  of  College  Fiord,  directly 
opposite  the  Smith  Glacier. 
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6  206  and  209.  No.  206  \b  here  reproducecT  as  Plate  XIV,  A.  PanOTama  of  Harvard 
Glacier  from  point  L,  figure  4.  July  1, 1909.  Point  L  ia  on  a  small  rock  island  on  tha 
east  side  of  College  Fkad,  about  3^  miles  south  of  the  Harvard  Glacier.  The  inland 
is  very  bushy  on  the  extreme  top,  and  the  station  occupied  is  on  the  west  side  of  the 
island  at  nearly  as  great  an  elevation. 

G  210.  Here  reproduced  as  Plate  XVI,  A.  West  side  of  (V^llege  Fiord  frf)m  p^)int 
L,  figure  4.    Smith  Glacier  on  right.    July  1,  1909. 

G  211.  Harvard  Glacier  from  boat  opposite  Bryn  Mawr  Glacier.    July  1,  1909. 

G  212.  Bryn  Mawr  Glacier.    July  1, 1909. 

HARRIlfAN   FIORD. 
OBVERAL  FEATX7RSS. 

The  first  recorded  visit  to  Harriman  Fiord  was  made  by  the  Harri- 
man  Alaska  Expedition  in  1899,  and  the  main  glaciers  were  named 
by  the  members  of  that  expedition.  Prior  to  that  date  the  Barry  Gla- 
cier, lying  at  the  sharp  bend  in  the  fiord,  was  the  only  one  that  had 
been  recorded,  and  earlier  explorers  evidently  had  assumed  that  this 
ice  stream  filled  the  whole  end  of  this  arm  of  Port  Wells  (PI.  XVII). 
That  this  glacier,  however,  has  not  extended  across  the  fiord  for  a 
long  series  of  years  is  shown  by  the  vegetation,  including  a  sparse 
forest  that  comes  down  nearly  to  the  water's  edge  opposite  the 
Racier  and  by  well-authenticated  reports  that  native  seal  hunters 
had  repeatedly  gone  past  the  front  of  the  Barry  Glacier  and  into 
the  inner  part  of  the  fiord.  To  the  Harriman  expedition  is  due  the 
credit  of  bringing  to  public  knowledge  this  magnificent  fiord,  hemmed 
in  by  lofty  mountains  whose  sides  and  valleys  carry  many  glaciers. 
Five  of  these  ice  streams  reach  tidewater. 

Amiong  the  localities  in  Alaska  that  derive  scenic  interest  from 
glaciers  three  stand  out  prominently — Glacier  Bay,  the  Yakutat- 
Disenchantment  Bay  region,  and  Harriman  Fiord.  The  panorama 
of  mountain,  ice,  snow,  and  water  that  unfolds  itself  from  points  along 
the  southeastern  shore  of  Harriman  Fiord  has  few  equals  any^vhere 
else  in  the  world. 

The  most  striking  peaks  about  the  fiord  are  Mount  Gilbert  on  the 
north  and  a  four-peaked  summit,  Mount  Muir,  on  the  west  of  the 
Serpentine  Glacier.  (See  PL  XVIII.)  Rough  estimates  of  their 
altitudes  made  by  vertical  angles  gave  results  approximating  10,000 
feet  for  each.  These  peaks  are  named  after  Grove  Karl  Gilbert,  a 
geologist  on  the  United  States  Geological  Survey,  and  John  Muir, 
Ibe  veteran  naturalist,  who  were  both  among  the  first  scientists  to 

Bee  Harriman  Fiord. 
The  records  of  the  fluctuations  of  the  glaciers  along  Harriman  Fiord 

tre  unfortunately  fragmentary.  Gilbert's  descriptions  are  derived 
.     mainly  from  a  study  of  photographs  and  from  accounts  by  others.* 


73740*»— Bull.  526-^13 3 

1. 


>  op.  dt,  tdL  S,  pp.  89-9t. 
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Our  photographs  taken  in  1905  were  few,  and  in  1908  time  permitted 
only  a  hurried  view  of  the  Barry  Glacier.  In  1909  a  little  more  time 
was  spent  in  Harriman  Fiord,  but  very  much  less  than  the  locality 
deserves.  Sufficient  data  are  at  hand,  however,  to  show  that  the 
Barry  and  Surprise  glaciers  have  retreated  markedly  in  the  past  10 
years  and  that  the  Serpentine,  Cataract,  Harriman,  and  Toboggan 
glaciers  have  shown  much  less  change  in  that  time. 

BABBT  OLACIEB. 

The  Barry  Glacier  is  in  some  ways  the  most  interesting  on  Har- 
riman Fiord,  and  the  record  of  its  fluctuations  is  more  complete 
than  that  of  any  other  on  Port  Wells.  In  1899  the  front  of  the 
glacier  was  well  out  into  the  waters  of  Harriman  Fiord,  and  10  years 
later  this  glacier  showed  a  much  greater  retreat  than  any  other  that 
we  have  studied.  This  glacier  has  been  called  the  Washington,*  but 
the  name  Barry  was  proposed  earlier  and  is  now  in  common  use. 

From  1899  to  1909  the  Barry  Glacier  retreated  approximately  2.1 
miles,  measured  along  the  axis  of  the  glacier.  (See  PI.  XVII.) 
From  1899  to  1905  the  retreat  was  1.2  miles;  from  1905  to  1908,  0.4 
mile;  and  from  August  11,  1908,  to  June  29, 1909,  0.5  mile.  In  1899 
a  long  point  of  ice  extended  forward  from  the  eastern  part  of  the 
glacial  front;  in  1905  there  was  a  similar  projection  from  the  western 
part,  and  in  1909  a  shorter  point  extended  forward  from  the  eastern 
part.  The  two  earUer  points  of  ice  were  probably  in  the  main 
unmelted  stagnant  portions  of  the  glacier  resting  mostly  above 
tide  level,  but  the  1909  projection  was  part  of  the  moving  glacier. 

Along  both  sides  of  the  Barry  Glacier  an  extensive  bare  zone  lies 
between  the  ice  and  a  mature  spruce  forest  (Pis.  XIX  and  XX). 
Near  the  antimony  prospect  southeast  of  the  glacier  there  are  frag- 
ments of  trees  in  the  drift,  and  near  the  southern  limit  of  the  bare 
zone  at  this  locality  are  a  number  of  fallen  trunks.  The  limit  of 
this  bare  zone  indicates  the  maximum  advance  of  the  ice  since  the 
growth  of  the  present  forest.  The  ice  probably  stood  near  this  point 
of  maximum  advance  for  a  considerable  period,  during  which  were 
deposited  the  morainic  accumulations  on  the  west  side  of  the  bay  on 
which  the  glacier  is  situated.  No  means  of  ascertaining  definitely 
the  date  of  the  end  of  this  maximum  advance  are  available,  but  the 
condition  of  the  forest  above  the  bare  zone  and  the  vegetation  on  the 
morainic  deposits  just  mentioned  would  indicate  that  such  a  maximum 
occurred  25  or  more  years  ago.  The  glacier  had  retreated  from  tliis 
farthest  advanced  position  when  it  was  first  studied,  in  1899.  Still 
more  advanced  positions  probably  have  not  been  occupied  by  the  ice 
front  for  several  centuries. 

In  1905  and  1908  the  frontal  cliff  of  the  glacier  was  estimated  to 
be  250  feet  high,  but  in  1909  the  cliff  appeared  to  have  not  more 

1  Oannett,  Henry,  Nat.  Oeog.  Hag.,  voL  10, 18M,  p.  610. 
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EAST    PART    OF    FRONT    OF    BARRY    GLACIER. 
From  point  A,  Plate  XVII. 


CENTER    AND    WEST    PART    OF    FRONT    OF    BARRY    GLACIER. 
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than  half  this  height.  The  photographs  of  Plate  XIX^  taken  in  1905 
and  1909  from  the  same  point ,  show  considerable  change  in  the  ice 
front,  especially  in  the  altitude  of  the  surface  of  the  first  feeder  on 
the  right,  where  it  joins  the  main  stream.  The  height  of  the  bare 
zone  on  the  east  side  near  the  present  glacial  front  has  been  esti- 
mated as  400  feet  above  the  ice  of  to-day.  The  thickness  of  the  ice 
stream  at  its  maximum  recorded  extent,  therefore,  was  here  400  feet 
greater  than  at  present.  The  front  is  now  about  2.5  miles  back  of 
this  maximum  advance. 

The  position  of  the  west  part  of  the  ice  front  in  1909  ¥rith  reference 
to  the  first  feeder  (Cascade  Glacier)  and  the  noticeable  waterfall 
from  the  hanging  valley  near  the  north  end  of  the  forested  zone  (PI, 
XX,  B)  will  assist  in  recording  the  amount  of  future  fluctuation  of 
this  glacier. 

SEBPBHTm  OLAODCa. 

The  Serpentine  Glacier  is  the  first  to  reach  tidewater  west  of  the 
Barry  Glacier.  A  considerable  bare  zone  along  the  sides  of  the  Ser- 
pentine Glacier  and  morainic  accumulations  in  front  of  the  glacier 
are  evidences  of  an  advance  in  comparatively  recent  years,  but  prior 
to  1899.  The  bare  zone  on  the  side  is  underlain  by  a  distinct  lateral 
moraine  deposited  at  the  time  of  this  advance. 

Our  information  concerning  a  still  more  recent  retreat  of  the  ice 
front  consists  in  a  few  photographs  taken  in  1899,  1905,  and  1909. 
The  ice  cliff  in  1899  ^  was  probably  higher  and  extended  farther  along 
tidewater  than  in  1909  (PL  XVIII),  and  the  eastern  side  of  the 
glacier  was  more  advanced  at  the  earlier  date.  Photographs  taken 
from  a  definite  locality  (point  A,  PL  XYII)  in  1905  and  1909  show 
that  in  the  former  year  the  west  part  of  the  front  was  more  advanced 
than  in  1909. 

The  Serpentine  Glacier,  then,  had  an  advance  a  few  years  before 
1899;  in  1905  the  position  of  the  front  of  the  ice  was  approximately 
the  same  as  in  1899;  and  in  1909  the  ice  front  was  farther  back  than 
at  either  of  the  other  dates.  The  retreat  from  1905  to  1909  was  per- 
haps a  quarter  of  a  mile,  and  from  the  advance  before  1899  to  the 
present  time  the  glacier  has  retreated  approximately  half  a  mile  on 
its  center  and  eastern  side  and  three-<}uarters  of  a  mile  on  its  western 
side.  These  distances  are  to  be  regarded  only  as  estimates,  for  we 
did  not  study  the  front  of  this  glacier  dose  at  hand,  and  most  of  our 
information  comes  from  photographs. 

BAintR  QiXJLOTEBL 

The  Baker  Glacier  is  named  after  Dr.  Marcus  Baker,  editor  of  the 
6eogr^)hic  dictionary  of  Alaska.'  The  n6v6  and  the  ice  stream  of 
this  glacier  are  practically  one,  and  nearly  the  whole  glacier  is  shown 

>  A]Mka»  ToL  1,  Harriman  Alaska  Expedition,  1901,  plate  opposiie  p.  124;  yoL  3, 1904,  fig.  GO. 
*BalLU.8.0eoLSiinrayNo.l87,19Q2;  No.299,190«. 
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in  Plate  XXI,  A.  The  surface  of  the  Baker  Glacier  has  a  steep 
slope  (shown  in  partial  profile  in  PL  XVIII),  but  .near  the  sea  the 
ice  stream  breaks  over  an  almost  vertical  cliff,  from  which  the  ice 
falls  and  then  accumulates  near  tidewater.  A  small  tongue  of  the 
glacier,  however,  passes  over  this  cliff  and  joins  the  ice  below.  These 
features  can  be  seen  in  Plate  XXI,  A,  which  shows  the  conditions 
existing  in  1909.  In  1905  there  was  no  ice  at  the  base  of  the  cliff, 
the  small  tongue  of  the  glacier  came  downward  only  a  short  distance 
from  the  top  of  the  cliff,  and  the  ice  front  above  the  cliff  was  not  so 
high  nor  so  prominent  as  in  1909.  The  photographs  taken  in  1899 
to  which  we  have  access  show  that  the  conditions  existing  then  were 
very  similar  to  those  in  1909,  but  no  front  view  of  the  glacier  at  the 
earlier  date  is  available. 

The  Baker  Glacier,  therefore,  shows  a  retreat  between  1899  and 
1905,  but  in  1909  the  ice  had  advanced  to,  and  probably  beyond,  its 
position  of  10  years  previous.  Data  are  not  at  hand  to  measure  the 
amount  of  this  retreat  and  advance,  but  the  distance  is  probably 
only  a  few  himdred  feet. 

BU&P&ISB  OLAODCB. 

The  Surprise  Glacier  reaches  tidewater  in  a  vertical  cliff  at  the 
head  of  the  west  arm  of  Harriman  Fiord.  Along  both  sides  of  the 
glacier  is  a  bare  zone,  which  extends  forward  nearly  to  the  Cataract 
Glacier.  Gannett's  map  of  Port  WeUs  *  shows  the  front  of  the 
Surprise  Glacier  practically  at  the  point  where  the  Cataract  Glacier 
reaches  tidewater.  Photographs  taken  that  year,  however,  show 
that  the  two  glaciers  were  separated  by  a  distance  estimated  to  be  a 
quarter  of  a  mile.  In  1909  the  front  of  the  Surprise  Glacier  was 
much  farther  (estimated  at  1.1  miles)  back  than  in  1899.  How  much 
of  this  retreat  had  taken  place  since  1905  is  not  clear,  for  our  photo- 
graph of  that  year  is  indistinct;  but  it  is  certain  that  a  considerable 
part  of  the  retreat  had  occurred  by  1905.  A  rock  ledge,  divided  into 
two  parts,  projected  from  the  front  of  the  glacier  near  its  south  side  in 
1909.  (See  PI.  XXI,  B,)  Evidently  this  ledge  would  be  covered  by 
a  slight  advance  of  the  ice;  at  least,  so  it  appeared  from  our  nearest 
point  of  observation  to  the  Surprise  Glacier,  opposite  the  front  of  the 
Cataract  Glacier.  It  is  our  recollection  that  no  such  ledge  was  visible 
in  1905. 

The  maximum  advance  of  the  Surprise  Glacier  in  recent  years  is 
indicated  by  the  bare  zone;  by  1899  the  glacier  had  retreated  about 
a  tenth  of  a  mile.  This  retreat  was  being  continued  in  1905,  and  in 
1909  the  glacier  had  retreated  1.1  miles  from  its  position  in  1899. 

OATASAOT  OLACDCB. 

The  Cataract  is  a  small  glacier  descending  a  steep  valley  and 
reaching  tidewater  on  the  south  side  of  the  west  arm  of  Harri- 

>  Alaska,  vol.  3,  Hairimaa  Alaska  Bxpeditiim,  IQOi,  PI.  Xm. 
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man  Fiord.  A  comparison  of  Gannett's  map  of  1899  ^  with  our 
map  (PI.  XYII)  does  not  show  any  noticeable  change  in  the  position 
of  the  front  of  the  glacier  in  the  last  10  years.  We  have  no  photo- 
graphs of  this  glacier  taken  before  1909,  but  those  taken  in  that  year 
(Pis.  XVin  and  XXII,  A)  will  be  of  service  in  determining  future 
advance  or  retreat.  The  latter  view  shows  a  narrow  bare  zone  along 
the  west  side  of  the  glacier,  but  the  extent  to  which  the  shrubs  have 
encroached  upon  this  zone  indicates  that  the  ice  stream  has  not  in 
recent  years  (perhaps  25  years)  been  much  larger  than  at  present. 

HAHKTlfAN  OLA.CIBB. 

The  Harriman  is  the  trunk  glacier  of  Harriman  Fiord  and  comes 
to  the  water's  edge  at  the  southwest  end  of  the  fiord.  The  frontal 
cliff  is  estimated  to  be  300  feet  high.  The  glacier  has  several  feeders 
and  comes  from  an  extensive  snow  field  from  which  emerge  only  a  few 
peaks  that  are  not  permanently  snow  covered. 

Photographs  of  the  eastern  part  of  the  front  of  the  Harriman 
Glacier,  taken  from  pomt  H,  Plate  XVII,  in  1905  and  in  1909  (PL 
XXII,  B),  show  that  this  side  of  the  glacier  retreated  approximately 
700  feet  between  these  dates.  A  comparison  of  an  1899  photograph ' 
with  our  1905  view  indicates  that  between  1899  and  1905  the  east 
side  of  the  glacier  retreated  about  half  the  above  distance.  As  the 
two  photographs  were  not  taken  from  the  same  point  this  estimate 
of  the  retreat  between  1899  and  1905  is  only  approximate.  A  careful 
examination  of  the  western  part  of  the  ice  front  in  1909  from  the 
position  of  a  photograph  taken  in  1899^  showed  no  noticeable 
difference  in  the  position  of  the  glacier.  In  1899  a  considerable 
embayment  existed  in  the  eastern  third  of  the  front  of  this  glacier, 
but  this  feature  was  not  present  in  1905  and  1909. 

On  the  east  side  of  Harriman  Fiord  scattered  spruce  trees  extend 
southward  to  and  just  beyond  the  front  of  the  Wedge  Glacier,  but 
do  not  reach  so  far  south  on  the  west  side  of  the  fiord.  The  absence 
of  trees  nearer  the  front  of  the  Harriman  Glacier  seems  to  be  due,  as 
suggested  by  Gilbert,*  not  to  the  glacier's  having  recently  covered 
this  area,  but  more  likely  to  conditions  unfavorable  to  forest  growth. 
Though  the  glacier  front  may  have  advanced  2  miles  farther  north 
within  the  last  century,  it  probably  has  not  done  so.  In  fact  it  is 
not  likely  that  an  extension  of  more  than  this  distance  has  taken 
place  within  two  or  more  centuries. 

DI&TY  GLAOIBB. 

Dirty  Glacier  is  a  small  ice  stream  reaching  nearly  to  tidewater, 

three-fourths  of  a  mile  northeast  of  the  east  end  of  the  front  of  Harri- 

^ 

1  Loc.  cit.  *  Idem,  PI.  XV,  lower  figure, 

t  Idam.  PL  XV,  \ipptt  figim.  *  Idam,  p.  96. 


38       GLACIERS  OF  PRINCE  WILLIAM   SOUND  AND   KENAI   PENINSULA. 

man  Glacier.  The  smaller  glacier  comes  from  part  of  the  extensiye 
snow  field  that  covers  this  end  of  the  valley, of  Harriman  Fiord. 
That  portion  of  the  Dirty  Glacier  which  comes  from  the  southwest 
lies  in  a  shallow  valley  which  is  full,  and  in  a  few  places  more  than  full, 
of  ice.  This  glacier  has  a  medial  moraine,  which  becomes  more  pro- 
nounced near  the  end  and  covers  much  of  the  glacier  with  dark 
d6brisy  whence  the  name  Dirty  Glacier.  In  1905  this  glacier  was  a 
little  more  advanced  than  in  1909,  and  its  tributary  valley  above 
mentioned  overflowed  more  at  the  earlier  date. 

TOBOOOAN  GLACIER. 

The  Toboggan  Glacier  is  a  small  ice  stream  coming  from  a  rather 
extensive  snow  field  that  lies  in  the  northern  part  of  the  peninsula 
separating  Harriman  Fiord  from  the  lower  part  of  Port  Wells.  This 
glacier  has  a  marked  bare  zone  along  its  sides,  and  its  end  deploys  on  a 
flat  not  far  above  sea  level  (PI.  XXIII,  A).  We  visited  this 
glacier  on  August  21,  1905,  and  on  June  29,  1909.  At  the  eariier 
date  a  small  cairn  was  built  on  the  outer  or  north  end  of  the  first 
projecting  rock  ridge  on  the  right  side  of  the  valley  going  up,  and  the 
following  bearings  were  taken:  (1)  To  the  extreme  right  end  of 
front  of  glacier,  S.  45°  E.;  (2)  to  the  center  or  most  advanced  part 
of  front  of  glacier,  S.  63®  E.;  (3)  to  the  extreme  left  end  of  front  of 
glacier,  S.  87°  E.  In  1909  bearing  (1)  was  S.  55°  E.  and  bearing  (3) 
was  S.  81°  30'  E.  In  1905  the  center  or  most  advanced  part  of  the 
front — (2)  above — was  723  feet  (by  pacing)  from  the  cairn.  Just  at 
the  extreme  front  of  the  ice  at  this  time  was  a  low  rock  ridge  crossing 
the  valley.  In  1909  the  most  advanced  part  of  the  glacier  was  252 
feet  farther  back  than  in  1905.  However,  in  1909  a  freshly  deposited 
low  moraine  on  the  northern  half  of  the  plain  in  front  of  the  glacier 
indicates  that  the  ice  some  time  between  1905  and  1909  had  been 
about  400  feet  in  advance  of  its  position  in  the  earUer  year.  The 
map  of  1899  ^  shows  that  the  glacier  did  not  reach  tidewater  at  that 
time,  but  the  absence  of  vegetation  on  the  bare  zone  at  the  side  of 
the  glacier  and  on  the  flat  in  front  of  it  in  1905  (PI.  XXIII,  A)  shows 
that  the  ice  front  has  occupied  an  advanced  position,  reaching  prac- 
tically to  tidewater,  at  a  very  recent  date,  possibly,  but  not  probably, 
later  than  1899. 

Photopaphs  of  glaoien  of  Harriman  Fiord. 

P  683.  Distant  view  of  Barry  Glacier.    August  20,  1905. 

P.  684  and  685.  No.  685  is  here  reproduced  as  Plate  XX,  A.  Front  of  Barry  Glacier 
from  point  A,  Plate  XVII.  August  20,  1905.  Point  A  is  about  80  feet  above  sea 
level,  on  a  mossy  bench  50  to  100  feet  wide,  on  the  most  northerly  part  of  Point  Doran. 
From  this  station  the  ground  drops  very  steeply  to  tidewater.  From  the  same  position 
the  following  photographs  have  l)een  taken :  P  686  and  687,  G  98-100.  G 108. 

1  Alaska,  voL  3,  Harriman  Alaska  Expedition,  1904,  PL  XUI. 
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P686.  Here  reproduced  as  Plate  XIX,  A.  East  side  of  front  of  Barry  Glacier 
from  point  A,  Plate  XVII.    August  20,  1905. 

P  687.  Serpentine,  Baker,  and  Surprise  glaciers  from  point  A,  Plate  XVII.  August 
20,  1906. 

P  688.  Distant  view  of  Harriman  Glacier.    August  20,  1905. 

P  689.  South  side  of  front  of  Harriman  Glacier  and  south  side  of  front  of  Dirty 
Glacier  from  point  H,  Plate  XVII.  August  20,  1905.  Point  H  is  the  top  of  a  dark- 
colored  conglomerate  bowlder  about  12  feet  high,  standing  at  high-tide  line  on  the 
west  side  of  Harriman  Fiord  on  the  southern  part  of  the  ian  from  the  Roaring  Glacier. 
This  bowlder  is  plainly  visible  from  a  boat  coasting  along  the  shore.  From  the  same 
position  the  following  photographs  have  been  taken.  P  690  and  691;  G  106,  G  199 
and  200. 

P  690  and  691.  Front  of  Harriman  Glacier  from  point  H,  Plate  XVII.  August  20, 
1905. 

P  731.  Here  reproduced  as  Plate  XXIII,  A.    Toboggan  Glacier.    August  20, 1905. 

P  732.  Hanging  Glacier  (probably  the  Roaring  Glacier).    August  20,  1905. 

P  733.  Baker  Glacier.    August  20,  1905. 

G  60.  East  part  of  front  of  Barry  Glacier.    August  11, 1908. 

G  61.  West  part  of  front  of  Barry  Glacier.    August  11, 1908. 

G  72.  West  part  of  front  of  Barry  Glacier.    August  11,  1908. 

G  97.  Mountains  north  and  west  of  Harriman  Fiord  from  Esther  Passage.    June 

28,  1909.    The  highest  dark  i>eak  in  center  of  right  hall  of  photograph  is  Mount  Gil- 
bert; Mount  Muir  is  on  the  left.    See  G  192. 

G  98.  Hero  reproduced  as  Plate  XX,  B.  West  side  of  Barry  Glacier  from  point  A, 
Plate  XVII.    June  29,  1909.    See  under  P  684. 

G  99.  Here  reproduced  as  Plate  XIX,  B.  East  side  of  Barry  Glacier  from  point  A, 
Plate  XVII.    June  29,  1909.    See  under  P  684. 

G  100.  Serpentine,  Baker,  and  Surprise  glaciers  from  point  A,  Plate  XVII.    June 

29,  1909.    See  under  P  6S4. 

G  101.  West  side  of  Barry  Glacier,  from  point  C,  Plate  XVII.  June  29,  1909. 
Point  0  is  about  60  feet  above  sea  level  on  the  second  rock  point  north  of  the  long 
gravel  beach  on  the  east  side  of  the  bay  on  which  the  glacier  is  situated.  This  point 
IS  composed  chiefly  of  hard  slate,  much  smoothed  and  rounded  by  recent  glaciation. 

G  102.  General  view  of  Barry  Glacier.    June  29, 1909. 

G  103.  Serpentine  Glacier  from  point  D,  Plate  XVII.  June  29,  1909.  Point  D 
is  about  60  feet  above  sea  level  on  a  small  bench,  on  a  fiiirly  steep  mossy  slope,  on  the 
southeast  side  of  Harriman  Fiord,  1  mile  northeast  of  the  front  of  the  Toboggan  Glacier. 
Photographs  G  193-196  also  were  taken  from  this  station. 

G  104.  Here  reproduced  as  Plate  XXI,  B.  Surprise  Glacier  from  point  F,  Plate 
XVII.  June  29,  1909.  Point  F  is  about  100  feet  above  sea  level,  on  a  mossy  bench 
a  mile  southwest  of  the  gravel  fan  in  front  of  the  Toboggan  Glacier.  Behind  (southeast 
of)  this  station  is  a  small  depression  opening  to  the  southwest,  and  northwest  of  the 
station  the  land  descends  steeply  to  the  sea.  Photographs  G  197  and  198  also  were 
taken  from  this  station. 

G  105.  Here  reproduced  aa  Plate  XXI,  A.  Baker  Glacier  from  point  F,  Plate 
XVII.    June  29,  1909. 

G  106.  Here  reproduced  as  Plate  XXII,  B.  East  side  of  front  of  Harriman  Glacier 
from  point  H,  Plate  XVII ;  Dirty  Glacier  at  left.    June  29, 1909.    See  under  P  689. 

G  107.  Here  reproduced  as  Plate  XXII,  A.    Cataract  Glacier.    June  30, 1909. 

G  108.  West  side  of  Bairy  Glacier  from  point  A,  Plate  XVII.  June  30,  1909.  See 
under  P  684. 

G  192.  Mountains  west  of  Harriman  Fiord,  from  Esther  Passage;  Mount  Muir  in 
central  backgnnmd.    June  28, 1909.    See  G  97. 
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G  193  to  196.  Here  reproduced  as  Plate  XVIII.  Panorama  diowing  Cataract, 
Surprise,  Baker,  and  Serpentine  glaciers  from  point  D,  Plate  XVII.  June  29,  1909. 
See  under  Q  103. 

6  197  and  198.  Panorama  of  Serpentine  and  Baker  glaciers,  from  point  F,  Plate 
XVII.    June  29, 1909.    See  under  Q  104. 

G  199  and  200.  Panorama  of  Harriman  Glacier,  from  point  H,  Plate  XVII;  Dirty 
Glacier  on  left.    June  29,  1909.    See  under  P  689. 

PASSAQE  CANAL. 

There  are  no  glaciers  that  reach  tidewater  on  Passage  Canal, 
although  several  approach  the  canal  from  the  north,  west,  and 
southwest.  The  Seth  and  Billings  glaciers  descend  southward  from 
the  same  general  ice  field  that  feeds  the  Harriman  Glacier  and  end 
about  a  mile  from  the  north  shore  of  Passage  Canal.  Northwest  of 
the  upper  part  of  the  canal  are  at  least  three  small  glaciers  draining 
into  this  body  of  water.  The  most  important  ice  stream  near  the 
canal  is  the  Portage  Glacier,  described  below. 

A  hasty  visit  was  made  by  our  party  to  the  head  of  Passage  Canal 
(Portage  Bay)  on  July  3,  1909.  The  eastern  end  of  Portage  Glacier 
was  too  far  distant  from  the  shore  and  too  much  hidden  by  a  low, 
bare  rocky  point  in  the  gravel-filled  valley  to  permit  careful 
observations.  It  is  probable  that  no  large  part  of  the  glacier 
debouches  on  the  east  side  of  the  divide  between  Passage  Canal  and 
Tumagain  Arm,  for  no  large  glacial  stream  enters  the  head  of  the 
canal.  A  trail  over  this  glacier  was  much  used  for  travel  between 
Prince  William  Sound  and  Cook  Inlet  before  the  Seward-Sunrise 
trail  was  opened. 

In  1898  Mendenhall  visited  the  head  of  this  bay  and  made  the 
following  interesting  observations:  * 

The  isthmus  which  connects  Kenai  Peninsula  with  the  mainland  is  only  about  12 
or  13  miles  broad  from  tidewater  to  tidewater  and  probably  stands  but  little  above 
sea  level,  but  for  5  miles  of  this  distance  it  is  buried  under  a  glacier,  which  flows 
from  the  high  mountains  of  the  peninsula  to  the  south.  This  glacier  at  its  highest 
point  is  about  1,000  feet  above  tide,  and  can  be  crossed  in  a  few  hours  from  the  open 
waters  of  Portage  Bay  by  prospectors  or  others  who  desire  to  reach  Sunrise  City  or 
the  headwaters  of  Cook  Inlet  before  this  body  of  water  is  open  to  navigation  in  the 
spring.  For  more  than  100  years  it  has  been  used  as  a  route,  first  by  the  Russian  and 
Indian  traders,  and  later  by  miners,  who  usually  cross  it  without  difficulty  in  the 
winter  or  early  spring.  In  the  summer  the  crevasses  open,  and  it  is  but  rarely  used, 
especially  since  at  that  season  the  all-water  route  is  so  much  easier  and  cheaper. 

Portage  Bay  receives  several  glacial  tributaries.  Southwest  of  Point  Pigot,  which 
separates  this  bay  from  Port  Wells,  is  the  mouth  of  Blackstone  Bay,  which  receives 
Blackstone  Glacier  from  the  south.  Both  the  bay  and  glacier  are  named  for  a  miner 
who  lost  his  life  there  a  few  years  ago. 

Three  glaciers  approach  sea  level  at  the  head  of  Portage  Bay.  One  of  these  is 
Portage  Glacier,  whose  foot  is  about  a  mile  back  from  the  beach.    Its  outlet  is  toward 

1  Mendenhall,  W.  C,  A  reconnaissance  from  Resurrection  Bay  to  the  Tanana  Rivw,  Alaska,  in  1886^ 
Twentieth  Ann.  Rept.  U.  8.  QeoL.  Surrey,  pt.  7, 1900,  pp.  273,  825,  826. 
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Turnagain  Arm,  and  it  probably  has  never  dischaiged  intx)  Prince  William  Sound.  A 
second  glacier  spills  over  the  mountain  rim  2,000  feet  above  tide  in  an  ice  cataract 
on  the  southeast  side  of  the  bay.  The  third  and  smallest,  now  rapidly  retreating, 
flows  down  from  the  mountains  to  the  northwest,  and  has  until  very  recently  reached 
across  the  belt  of  gravel  delta  which  separates  the  foot  of  the  mountain  slope  from  the 
head  of  the  bay,  but  has  now  dwindled  until  the  portion  reaching  the  gravel  plain  is 
small  and  composed  wholly  of  white  ice. 

This  little  glacier  illustrates  very  well  the  rapidity  of  the  ice  retreat  and  shows  us  the 
processes  whose  results  only  remain  in  portions  of  the  New  England  landscape.  One 
quarter  of  a  mile  out  from  its  present  terminus  is  a  hillock  220  feet  high  and  half  a  mile 
long,  with  its  longer  axis  parallel  with  the  glacier  front.  It  is  now  separated  from  this 
latter  by  an  open  valley  paved  with  bowlders.  At  first  sight  this  elevation  was 
supposed  to  be  a  simple  terminal  moraine,  but  upon  examination  it  proved  to  consist 
mostly  of  ice  deeply  covered  with  angular  debris,  which  is  also  disseminated  through  it. 
This  renmant  of  the  glacier  seems  to  stand  near  a  position  which  the  ice  front  occupied 
long  enough  to  become  covered  by  a  sufficiently  thick  mantle  of  protective  debris,  so 
that  melting  was  not  so  rapid  as  in  the  less  well-protected  part  of  the  glacier  just  back 
of  the  ^nt.  The  separation  from  the  glacier  was  probably  facilitated  by  the  exit  of 
the  subglacial  stream  through  a  tunnel  back  of  the  protecting  mantle.  The  combined 
melting  from  above  and  below  soon  removed  this  neck,  leaving  the  former  front 
isolated  as  it  stands  to-day.  Since  its  isolation  it  has  been  shrinking  each  summer 
and  now  occupies  leas  than  half  of  its  original  area.  Around  its  seaward  side  is  a  belt 
of  rough  ground  of  slight  relief  covered  vith  angular  and  unsorted  material,  which  has 
been  let  down  into  position  by  the  melting  of  the  ice  front.  The  outer  rim  of  this 
zone  is  somewhat  higher  than  the  inner  portion,  giving  it  the  form  of  a  shallow  amphi- 
theater facing  the  remnant  of  the  glacier.  The  stability  of  the  position  of  maximum 
advance  for  a  short  time  due  to  the  balance  between  flow  and  melting  at  the  front 
accounts  for  the  slightly  greater  accumulation  there  and  the  building  of  the  low  rubble 
waU. 

These  recent  glacial  details  of  topography  are  the  more  striking  since  they  are  built 
upon  a  smooth  water-laid  deposit  of  relatively  fine  material.  This  delta  is  of  the 
type  which  usually  forms  before  glaciers  in  these  fiords  and  gives  about  the  only  level 
areas  to  be  found  near  sea  level  in  a  region  of  sharp  topographic  forms.  At  its  outer 
maigin,  a  short  distance  seaward  ^m  low-tide  level,  the  delta  slopes  abruptly  to  the 
profound  depths  so  often  found  in  these  inlets. 

BLACKSTONE  BAT. 

GENERAL   FEATURES. 

The  early  maps  of  the  shore  line  between  Point  Culross  and  Passage 
Canal  were  inaccurate,  probably  because  they  were  made  by  explorers 
who  had  not  followed  closely  the  intricacies  of  the  shore  line.     Black- 
stone  Bay,  except  its  head,  was  fairly  well  shown  on  these  maps,  but 
Cochrane  Bay  was  poorly  delineated,  and  Culross  Passage  was  not 
shown  at  all.    Vancouver's  map  (1794)  of  this  district  and  Tebenkof's 
(1849)  have  formed  the  basis  for  other  and  later  maps.     Applegate's 
map  of  1887  ^  adds  some  -detail  and  is  the  first  map  to  which  we 
have  access  that  indicates  the  Tebenkof  Glacier.     Culross  Passage, 
behind  Point  Cubxws,  was  reported  by  the  United  States  Geological 

/P***^"^'  Q«««*,  Th«  iMen  of  Alaska  that  are  shown  on  Russian  charts  or  mentioned  in  older  nar- 
ttom:  Tnni.  uA  Proc  Qeoi.  Soc.  Pacific,  2d  ser.,  voL  3, 1904,  map  U. 
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Survey  reconnaissance  of  1905  and  indicated  on  chart  No.  8502  of  the 
United  States  Coast  and  Geodetic  Survey  in  1907.  A  more  detailed 
map  of  this  district  has  now  been  published.^  (See  also  PL  I  and 
fig.  5  of  the  present  report.) 

On  the  maps  of  Vancouver  and  Tebenkof,  '4ce  and  snow,"  which 
undoubtedly  refers  to  a  glacier  discharging  into  the  sea,  are  shown  at 
the  head  of  Cochrane  Bay,  and  the  accompanying  description  * 
indicates  the  same  fact.  There  was  evidently  a  mistake  in  locating 
this  glacier.  It  should  be  shown  at  the  head  of  the  next  bay  west 
(Blackstone  Bay),  for  there  is  no  evidence  that  in  historic  time  a 
glacier  occupied  the  head  of  Cochrane  Bay.  The  land  at  the  head  of 
this  bay  is  comparatively  low,  and  extends  south-southwest  to  Port 
Nellie  Juan.  The  glacier  seen  by  Vancouver  was  evidently  the 
Blackstone  Glacier,  which  reaches  tidewater  at  the  head  of  Blackstone 
Bay. 

Our  information  concerning  the  glaciers  of  Blackstone  Bay  was 
gained  by  a  hurried  reconnaissance  on  July  5,  1909.  No  definite 
information  concerning  the  positions  of  the  fronts  of  these  glaciers 
at  an  earlier  date  is  extant. 

TEBENKOF  GLACIEB. 

The  front  of  the  Tebenkof  Glacier  c^mes  within  about  a  mile  and  a 
quarter  of  the  shore  of  a  small  bay  on  the  south  side  of  the  entrance 
to  Blackstone  Bay  and  is  named  after  Capt.  M.  D.  Tebenkof,  governor 
of  Russian  America  from  1845  to  1850.  This  glacier  is  an  ice  stream 
lA  to  2  miles  wide,  which  flows  northward  in  a  valley  parallel  to 
Blackstone  Bay.  The  ice  field  of  this  glacier  is  continuous  with  that 
of  the  Blackstone  Glacier.  The  Tebenkof  Glacier  has  a  comparatively 
low  slope,  and  its  front  lies  on  a  flat  of  glacial  d6bris.  This  flat  in  places 
is  covered  with  a  forest,  which  would  indicate  that  the  glacier  had  not 
reached  tidewater  in  the  last  century  and  probably  not  in  a  consid- 
erably longer  period.  Along  each  part  of  the  front  of  the  glacier  is  a 
bare  zone,  estimated  to  be  500  feet  wide,  which  has  apparently  been 
covered  by  a  recent  advance  of  the  ice.  The  date  of  this  advance, 
which  probably  destroyed  part  of  the  forest  at  the  west  edge  of  the 
glacier,  is  uncertain,  but  the  absence  of  vegetation  on  the  bare  zone 
indicates  that  it  probably  took  place  within  the  last  10  or  15  years. 
The  front  of  the  glacier  was  not  visited,  so  nothing  is  known  of  the 
distance  between  the  present  front  and  this  recent  advanc-ed  posi- 
tion, which  represents  the  maximum  advance  since  the  growth  of  the 
present  forest.  The  position  of  the  front  of  the  glacier  in  1909  is 
shoA^Ti  in  Plates  XXIII,  5,  and  XXIV,  A. 

I  Grant,  U.  S.,  and  Higglns,  D.  F.,  Reconnaissance  of  the  gcolof^y  and  mineral  resources  of  Prince  Wft- 
Uam  Sound,  Alaska:  BulL  U.  B.  Oeol.  Survey  No.  442, 1910,  PI.  II. 
*  Quoted  by  Davidson,  op.  cit.,  p.  23. 
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BLAGKSTONE  GLACIER. 

The  Blackstone  Glacier  surrounds  the  head  of  Blackstone  Bay, 
sending  down  from  a  very  extensive  ice  field  no  less  than  ten  ice 

T7 


Fmuub  5.— Hsp  of  BladEftooe  Bay  July  6,  1900.    Occupied  points  indicated  by  diolee,  Intemoted 

points  by  crosses. 

streams  (fig.  5).    Two  of  these  streams  have  discharging  cliffs  at 
sea  level,  and  two  others  on  the  east  side  of  the  bay  reach  just  to  high 
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tide  on  gravel  aprons  fcMined  at  the  lower  ends  of  the  alpme  valleys 
occupied  by  the  glaciers.  The  earlier  maps  show  the  south  end  of 
Willard  Island  covered  with  ice,  but  as  the  south  end  of  the  island 
has  a  very  deceptive  appearance  till  one  comes  close  to  it  and  as  the 
size  and  density  of  the  vegetation  on  the  island  indicate  several 
decades  of  growth,  it  is  altogether  probable  that  the  ice  has  not 
been  as  far  north  as  Willard  Island  within  the  time  of  which  we 
have  record,  namely,  since  1794. 

There  is  very  good  evidence,  however,  that  much  earlier,  perhaps 
two  centuries  ago,  the  front  of  the  Blackstone  Glacier  did  extend 
well  up  to  the  north  end  of  Willard  Island.  In  figure  5  a  line  shows 
the  approximate  position  of  this  ancient  ice  front.  North  of  this 
Kne  the  island  is  heavily  forested,  but  south  of  it  the  character  of  the 
cover  changes  abruptly,  and  there  consists  only  of  sparse  fir  trees 
and  a  dense  growth  of  shrubbery.  On  the  west  side  of  the  island  a 
small  gravel  point  marks  the  position  of  the  old  terminal  moraine. 
No  precise  location  for  the  old  front  could  be  determined  on  the  west 
side  of  the  bay.  On  the  east  side  of  both  island  and  bay  is  a  notable 
accumulation  of  morainal  material  extending  across  from  the  island 
to  the  mainland,  under  a  shallow  channel  in  which  tidal  currents 
run  very  swiftly.  The  two  points  south  of  point  C  in  figure  5  may 
be  modified  remains  of  two  recessional  moraines.  Although  the 
island  itself  is  very  sparsely  timbered  south  of  the  old  ice  front,  the 
gravel  deposits  on  the  east  side  of  the  bay  are  heavily  timbered.  The 
development  of  sparse  and  dense  forests  in  approximately  the  same 
period  is  doubtless  due  to  the  more  favorable  conditions  for  foresta- 
tion  upon  the  gravel  than  on  the  bare  glaciated  rock  of  the  island. 

The  scenery  in  view  from  the  small  eminence  on  the  south  end  of 
Willard  Island  is  nearly  as  wild  and  desolate  as  that  at  the  head  of 
Harriman  Fiord.  To  the  south,  from  west  to  cast,  a  vast  ice  field 
almost  barren  of  nunataks  stretches  back  to  a  brilliant  white  sky  line. 
From  the  central  mass  many  tongues  of  ice  lap  down  over  the  smooth 
rock  slopes  or  break  off  into  the  sea.  It  requires  little  effort  of  the 
imagination  to  picture  all  those  tongues  coalesced  into  one  giant 
ice  stream  filling  the  whole  head  of  the  bay  and  extending  far  down 
over  Willard  Island  to  the  ancient  moraine. 

Photogmplis  of  i^laciers  of  BUtckitone  Bay. 

G  112.  Front  of  Tebenkof  Glacier.    July  5,  1909. 

G  113.  Here  reproduced  aa  Plate  XXIII,  B.  Front  and  west  side  of  Tebenkof 
Glacier  from  point  A,  figure  5.  July  5,  1909.  Point  A  is  on  the  top  of  a  rocky  islet 
or  reef  at  the  east  side  of  the  entrance  to  the  imall  bay  on  the  south  side  of,  and  near 
the  lower  part  of,  Blackstone  Bay. 

G  114.  Here  reproduced  a^i  Plate  XXIV,  A.  East  side  of  front  of  Tebenkof  Glacier 
from  point  B,  figiure  5.  July  5,  1909.  Point  B  is  on  the  end  of  the  point  at  the  west 
side  of  the  entrance  to  the  small  bay  on  the  south  side  and  near  the  lower  part  of 
"'   »WtoneBay, 
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Q  115.  Northerly  lobe  of  Blackstone  Glacier,  which  does  not  reach  tidewater,  from 
point  0,  figure  5.  July  5,  1909.  Point  C  is  on  a  low,  trcelesB  island  near  the  east 
dhoie  of  Blackstone  Bay  and  about  3  miles  north  of  the  head  of  the  bay. 

G  116.  Main  part  of  front  of  Blackstone  Glacier,  from  point  C,  figure  5.    July  5, 1909. 

G  213  and  214.  Panorama  of  front  of  Blackstone  Glacier  from  point  D,  figure  5. 
July  5,  1909.  Point  D  is  the  top  of  the  small  round  hill,  60  or  70  feet  above  the  sea, 
on  the  south  end  of  Willard  Island.  It  is  about  200  yards  north  of  the  southern  ex- 
tremity of  the  island. 

POBT  NELLIE  JUAN. 

GENERAL   FEATURES. 

Port  Nellie  Juan  (PI.  XXV),  sometimes  called  Kings  Bay  after  a 
prospector  who  had  a  cabin  near  its  head,  is  the  most  extensive 
embajTnent  on  the  west  coast  of  Prince  William  Sound.  The  long 
southwestern  arm  of  Port  Nellie  Juan  was  not  shown  on  the  earher 
maps,  nor  were  the  glaciers  of  this  port  indicated.  The  first  maj) 
showing  the  details  of  the  upper  half  of  this  bay  was  made  by  S. 
Applegat^  in  1887.^  Wo  visited  Port  Nellie  Juan  on  August  8  and  9, 
1908.  The  accompanying  map  and  the  information  obtained  in 
August,  1908,  embody  all  the  data  known  to  us  concerning  the  gla- 
ciers of  this  port.  The  glaciers  on  the  west  side  of  Port  Nellie  Juan 
were  not  seen  at  close  range,  so  the  locations  of  their  fronts  (PI. 
XXV)  are  only  approximate. 

South  of  the  central  part  and  east  of  the  southern  part  of  Port  Nellie 
Juan  is  a  snow  field  of  unknown  but  considerable  extent.  Several 
glaciers  flow  north  and  west  from  this  field,  and  two  of  them,  the 
NoUie  Juan  and  the  Falling  glaciers,  reach  tidewater.  On  the  west 
side  of  the  southern  part  of  the  port  are  other  glaciers,  one  of  which, 
the  Taylor,  reaches  sea  level.  At  the  head  of  Port  Nellie  Juan  the 
water  is  shallow  and  is  kept  very  muddy  by  Kings  and  Nellie  Juan 
rivers  and  smaller  streams  bringing  charges  of  silt  from  the  neigh- 
boring glaciers.  These  streams  come  from  what  is  probably  one  of 
the  largest  ice-covered  areas  of  the  Kenai  Peninsula. 

ULTRAMARINE   GLACIER. 

The  Ultramarine  Glacier,  so  named  because  of  the  clear  blue  color 

of  the  ice  near  its  end,  is  situated  at  the  head  of  Blue  Fiord,  the 

second  deep  indentation  from  the  entrance  in  the  southeastern  coast 

o{  Port  Nellie  Juan.    The  glacier  comes  within  about  a  quarter  of  a 

mile  of  tidewater,  and  the  western  part  of  its  front  extends  beyond 

the  eastern  two-thirds  and  rests  on  a  glacial  flat.     The  eastern  part 

of  the  front  rests  on  a  rock  ridge  about  300  feet  above  the  sea.     On 

this  ridge  is  a  marked  bare  zone,  and  there  is  another  at  the  side  of 

fee  g^ier.    The  front  of  the  glacier  was  not  visited,  but  at  a  dis- 

Unce  this  bare  zone  appeared  as  if  the  ice  had  retreated  from  it  in 

'  I>»Tidno,  QwTffif  op.  cit,  pp.  3(^27,  nup  11. 
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the  lost  two  or  three  years.  Applegate's  map  referred  to  above 
indicat'es  that  the  glacier  in  1887  reached  to  tidewater  along  its  whole 
front.  The  forest  in  front  of  the  eastern  part  of  the  glacier  shows 
that  this  part  could  not  have  extended  so  far.  The  western  part 
may  have  reached  tidewater  at  that  time,  but  even  this  is  doubtful. 
Our  observations  on  this  glacier  were  made  at  a  distance  of  about  a 
mile  and  a  half. 

NELLIE  JUAN   GLACIER. 

The  NeUio  Juan  Glacier  (Pis.  XXV  and  XXVI)  is  the  laigest,  at 
least  in  breadth  of  front,  on  Port  Nellie  Juan,  after  which  it  is  named. 
The  front  of  the  glacier  is  distinctly  in  view  from  the  entrance  of 
the  port  and  rests  on  a  gravel  beach,  most  of  which  is  covered  by 
high  tide;  near  the  center  of  the  front  the  ice  is  bathed  even  by 
low-tide  water.  On  each  side  of  the  lower  part  of  the  glacier  is  a 
distinct  bare  zone  of  smoothed  granite,  100  to  500  feet  wide,  which 
ends  abruptly  at  the  edge  of  a  forest-covered  tract.  This  zone  is 
prominently  developed  on  a  granite  knob,  almost  an  island,  at  the 
west  side  of  the  glacial  front.  Crossing  the  top  of  this  knob  is  a 
small  moraine  (at  point  A,  PI.  XXV)  from  1  to  10  feet  high  and  5  to 
30  feet  vdde.  This  moraine  contains  fragments  of  dead  wood,  and 
just  north  of  it  is  an  area  of  scattered  trees  some  of  which  are  a  foot 
in  diameter.  South  of  the  moraine  is  some  vegetation — moss,  grass, 
alders  5  feet  high,  and  a  few  spruce  trees  4  feet  high.  Most  of  the 
vegetation  disappears  halfway  from  the  moraine  to  the  ice  front. 
From  the  extreme  summit,  (point  A,  PI.  XXV)  of  the  above-mentioned 
granite  knob  the  nearest  point  of  the  moraine  is  48  feet  distant  in  a 
direction  S.  10°  W.  From  the  same  summit  the  extreme  front  of  the  • 
glacier  bears  S.  74°  £.,  and  the  nearest  point  of  the  ice  is  500  feet 
S.  13°  W. 

The  moraine  noticd  above  marks  the  farthest  advance  of  the  ice 
since  the  growth  of  the  present  forest — that  is,  for  a  centurj*,  and 
most  probably  for  two  or  three  centuries.  This  maximum  advance 
in  historical  time  occurred  at  least  20  years  ago  and  probably  much 
earlier. 

FALLING   GLACIER. 

Falling  Glacier  is  a  small  ice  stream  on  the  east  side  of  the  southern 
stretch  of  Port  Nellie  Juan.  On  August  8,  1908,  a  small  tongue  from 
the  ice  just  reached  the  sea.  In  front  of  the  glacier,  however,  is 
a  bare  zone,  which  liai>  been  covered  by  the  ice  within  a  very  few  years. 
When  this  zone  was  covered  the  glacier  had  a  tidal  front  of  about 
1,200  feet. 

TAYLOR  GLACIEB. 

The  Taylor  Glacier  is  the  only  one  that  reaches  tidewater  on  th© 
west  shore  of  Port  Nellie  Juan.    This  glacier  has  a  medial  morain.^ 


\' 


d  boat  traverse. 


▲I    SW.VIVaTTT  A. 


ICY  BAY.  47 

and  a  marked  bare  zone  along  each  side  of  its  lower  end.  We  did 
not  examine  the  Taylor  Glacier  carefully  and  have  little  information 
concerning  it  other  than  that  shown  on  the  map  and  in  three  of  the 
photographs  listed  below.  The  freshness  of  the  bare  zone  indicates 
that  the  maximimi  advance  of  the  glacier  since  the  present  forest  has 
grown  up  took  place  only  a  very  few  years  ago.  In  this  advance  the 
front  of  the  glacier  reached  a  line  about  a  quarter  of  a  mile  beyond 
its  present  position  and  had  an  extent  of  a  mile  along  tidewater. 
Applegate's  map  of  1887  shows  a  glacier,  probably  the  Taylor,  reach- 
ing not  quite  to  the  water. 

Photosraphs  of  gladen  of  Port  VeQto  Juan. 

G  49.  NeUie  Juan  Glacier  from  northwest  end  of  island  near  east  shore  of  Port  Nellie 
Juan,  about  5  miles  north-northeast  of  the  glacier.    August  8,  1908. 

G  50.  Ultiamarine  Glacier  from  distance  of  about  1}  miles.    August  8, 1908. 

G  51 .  Here  reproduced  as  Plate  XXVI,  A.  Front  of  Nellie  Juan  Glacier  from  point 
A,  Plate  XXV.  August  8,  1908.  Point  A  is  about  175  feet  above  sea  level  on  the 
extreme  top  of  a  granite  knob,  almost  an  island,  on  the  west  side  of  the  front  of  the 
glacier. 

G  52.  Hera  reproduced  as  Plate  XXVI,  B.  West  side  of  Nellie  Juan  Glacier  from 
point  A,  Plate  XXV.    August  8, 1908. 

G  53.  Monine,  forested  and  forestless  zones  at  point  A,  Plate  XXV.  August  8, 
1908. 

G  54.  A  more  distant  view  of  same  locality  as  No.  G  53. 

G  55.  Ndlie  Juan  Glacier  from  a  point  about  2  miles  north.    August  8, 1908. 

G  56.  Taylor  Glacier  from  small  island  on  east  side  of  Port  Nellie  Juan  and  about 
one-half  mile  south  of  entrance  to  the  upper  part  of  the  port.    August  8, 1908. 

G  57.  Front  of  Falling  Glacier.    August  8, 1908. 

G  58.  Front  of  Taylor  Glacier.    August  9, 1908. 

G  59.  Front  of  Taylor  Glacier.    August  9,  1908. 

ICY  BAY. 
GENERAL  FEATURES. 

No  glaciers  exist  near  tidewater  on  Prince  William  Sound  between 
Port  Nellie  Juan  and  Icy  Bay  (fig.  6) ,  which  is  a  fiord  extendmg  from 
the  southwestern  part  of  the  sound.  The  axis  of  Icy  Bay  runs 
northeast  and  southwest,  and  the  fiord  is  approximately  10  miles 
long.  This  bay  has  been  represented  on  maps  as  about  4  miles  long 
and  as  having  an  east  and  west  axis.  It  was  not  until  after  the 
United  States  Geological  Survey  reconnaissance  of  1908  that  the 
bay  was  delmeated  with  approximate  accuracy.*  The  errors  in 
mapping  arose  from  the  fact  that  Vancouver's  representation  of  this 
bay  was  followed  in  later  maps,  and  he  had  reported/  as  quoted  by 
Davidson,  that  the  bay  was  ''terminated  by  a  compact  body  of  ice 
that  descended  from  high  perpendicular  cliffs  to  the  water  side." 
At  that  date  (1704)  it  is  very  probable  that  the  glaciers  in  Nassau 

1  Grant,  U.  S.,  and  Higgins,  D.  F.,  Copper  mining  and  prospecting  on  Prince  William  Sound:  BuIL 
U.  8.  OcoL  Surrey  No.  379, 1909,  PL  IV, 
sTrans. and  Proc.  Geog.  Soo.  Pacific,  ad  aer.,  toL  3, 1904,  p.  23. 
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Fiord,  the  large  bay  on  the  northwest  side  of  Icy  Bay,  completely 
filled  that  fiord  and  extended  into,  but  not  across,  the  main  part  of 
Icy  Bay.  This,  tc^ther  with  the  extensive  discharge  of  ice  from  these 
glaciers  (combined  as  one),  probably  prevented  close  inspection  of 
the  bay  and  the  discovery  of  its  upper  part. 


ViouRE  6.— Map  of  Icy  Bay  August  5,  1908.    Occupied  points  indicated  by  dides;  IntSfseoted  points  bf 

crosses. 

Our  visit  to  Icy  Bay  was  on  August  5,  1908,  when  we  made  a  hasty 
reconnaissance  of  the  bay,  came  within  half  a  mile  of  the  Tiger 
Glacier,  and  obtained  our  information  concerning  the  Chenega  and 
Princeton  glaciers  from  the  rock  islet  (point  C,  fig.  6)  at  the  entrance 
to  Nassau  Fiord.  In  the  following  year  Icy  Bay  was  visited  by  the 
e  W.  Perkins  party.    The  names  here  used,  except  the  name 


.     TIGER  GLACIER. 


August  19, 1909.     Fr, 


FRONT    OF    CHENEGA    GLACIER. 

n  photographs  by  W.  E.Carlln  for  the  Georges  W.  Perkins  party. 
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Chenega  Glacier  and  the  name  Princeton  for  the  glacier  immediately 
northeast  of  the  Chenega,  are  those  proposed  by  that  party.  The 
Chenega,  the  main  discharging  glacier  in  Icy  Bay,  has  long  been 
known  locally  by  this  name,  and  the  name  has  been  published  at  least 
three  times.^ 

PRINCETON   GLACIEB. 

The  Princeton  Glacier  is  the  most  northeasterly  ice  stream  dis- 
charging into  Nassau  Fiord  of  Icy  Bay.  The  glacier  has  apparently 
a  massive  moraine  along  most  of  its  front  and  reaches  tide  water 
only  at  its  western  side  (PI.  XXVII,  A),  This  glacier  is  not  dis- 
charging rapidly.  Further  particulars  concerning  it  will  bo  found 
under  the  Chenega  Glacier. 

CHENEGA  GLACIER. 

The  Chenega  Glacier  reaches  tidewater  at  the  head  of  Nassau 
Fiord,  is  discharging  abundantly,  and  is  the  ice  stream  which  fur- 
nishes most  of  the  floating  ice  so  common  in  and  about  the  mouth  of 
Icy  Bay.  From  the  top  of  a  small  rock  island  at  the  entrance  to 
Nassau  Fiord  (point  C,  fig.  6)  both  the  Chenega  and  Princeton 
glaciers  are  in  full  view  (PI.  XXVII,  A),  From  this  point  true 
bearings  were  taken  as  follows:  (1)  Extreme  right  of  front  of  Prince- 
ton Glacier,  N.  8^  W.;  (2)  extreme  left  of  front  of  same  glacier,  N. 
IQ*"  W.;  (3)  extreme  right  of  front  of  Chenega  Glacier,  N.  28°  W.; 
the  extreme  left  of  the  same  glacier  is  not  in  view  from  this  point. 

On  August  19,  1909,  the  George  W.  Perkins  party  approached 
much  nearer  to  the  Chenega  Glacier.  Photographs  made  by  members 
of  this  party  show  much  less  floating  ice  in  Nassau  Fiord  than  was 
present  in  August  of  the  preceding  year.  They  obtained  good  views 
of  the  front  of  this  glacier,  which  are  here  reproduced,  through  the 
courtesy  of  Messrs.  Perkins  and  Carlin,  in  Plate  XXVIII. 

The  rock  surface  about  the  entrance  to  Nassau  Fiord  has  been 

recently  glaciated  and  no  forest  has  developed  on  it.     The  entrance 

to  this  fiord  as  well  as  the  peninsula  at  the  north  side  of  the  entrance 

were  covered  by  ice  undoubtedly  within  the  last  100  years  and 

quite  possibly  within  a  much  shorter  period.     The  Indians  living 

at  the  settlement  of  Chenega  have  a  tradition  that  the  Chenega 

Glacier  reached  to  the  mouth  of  Icy  Bay  about  100  years  ago,  but 

the  growth  of  the  forest  about  the  bay  and  even  well  up  past  the 

mouth  of  Nassau  Fiord  precludes  this  idea.     The  tradition  would 

refer  more  reasonably  to  the  mouth  of  the  northern  arm  (Nassau 

Fiord)  than  to  Icy  Bay  itself. 

i  Bun.  U.  8.  QmA.  Sumy  No.  »4, 1906,  p.  79;  BulL  U.  8. 0«oL  Survey  No.  299, 1906,  p.  172;  U.  S.  Coest 
«d  0«rf.  Sorvey  dMrt  No.  8850,  AtJ!/! 909. 

787 4a»-«BiiU.  62fr-l^_^ 
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TIGEB  GLAGIEB. 

The  Tiger  Glacier  reaches  tidewater  at  the  extreme  head  of  Icy 
Bay.  The  front  of  the  glacier  is  steep  and  the  eastern  part  of  it 
was  discharging  in  1908  with  fair  rapidity.  The  western  half  of 
the  front  shows  a  ledge  of  rock  just  emerging  from  under  the  ice 
(PL  XXVII,  B),  In  a  photograph  taken  by  W.  E.  Carlin,  of  the 
Qeorge  W.  Perkins  party,  on  August  19,  1909,  this  ledge  is  com- 
pletely covered  by  an  advance  of  the  glacier.  The  amount  of  this 
advance  can  not  be  determined  from  the  photographs,  but  it  probably 
does  not  exceed  a  few  hundred  feet  and  may  be  less  than  100  feet. 

Photosraphs  of  f laden  of  loj  Bay. 

G  44.  Tiger  Glacier  from  point  A,  figure  6.  August  5,  1908.  Point  A  is  on  the 
western  end  of  the  largest  island  at  the  east  side  of  the  entrance  to  the  upper  narrow 
portion  of  Icy  Bay. 

G  45.  Here  reproduced  as  Plate  XXVII,  B,  Tiger  Glacier  from  point  B,  figure  6. 
August  5,  1908.  Point  B  is  on  the  flat,  exposed  at  low  tide,  at  the  mouth  of  a  small 
glacial  stream  entering  the  upper  narrow  portion  of  Icy  Bay  about  1}  miles  southwest 
of  point  A. 

G  46  and  47.  Panorama  of  Chenega  and  Princeton  glaciers,  from  point  0,  figure  6. 
August  5, 1908.  Point  0  is  the  top  of  a  rock  islet  at  the  southwest  side  of  the  entrance 
to  Nassau  Fiord. 

G  48.  Here  reproduced  as  Plate  XXVII,  A.  Chenega  and  Princeton  glaciere, 
from  point  G,  figure  6.    August  5,  1908. 

BAINBBIDaB  QLACIBB. 

The  Bainbridge  Glacier  is  the  only  tidewater  glacier  on  Port 
Bainbridge.  A  mile  north  of  this  glacier  is  a  smaller  one  ending 
about  500  feet  above  sea  level.  The  Bainbridge  Glacier  does  not 
appear  on  the  earlier  maps,  although  it  is  in  view  from  ships  passing 
Point  Elrington.  The  first  map  known  to  us  that  shows  this  glacier 
is  a  small  one  published  in  1906.^  The  glacier  had,  however,  been 
known  long  before  that  date  and  the  name  Bainbridge  is  in  common 
use  locally.  We  saw  the  glacier  from  a  distance  in  1905  and  on 
August  3,  1908,  visited  it  and  mapped  its  front  (fig.  7). 

The  Bainbridge  Glacier  ends  on  a  glacial  flat,  and  the  central  part 
of  the  front  is  reached  by  the  usual  high  tide,  so  that  an  ice  cliff  is 
developed  along  this  part  of  the  front.  This  cliff  is  approximately 
100  feet  in  height,  and  its  top  is  composed  of  ragged  ice  pinnacles 
singularly  free  from  d6bris  and  showing  in  sunlight  a  beautiful  play 
of  greenish-blue  colors.  Near  the  northern  part  of  the  ice  front  is  a 
push  moraine,  10  feet  high,  which  in  places  stands  directly  at  the 
edge  of  the  ice  and  at  other  places  is  as  much  as  60  feet  away.  This 
moraine  is  very  fresh  and  probably  was  formed  in  the  summer  of 
1908.     The  moraine  includes  fragments  of  trees  and   toward   the 

1  Grant,  U.  8.,  Copper  and  other  mineral  resources  of  Prince  William  Sound:  BuH.  U.  S.  Q«oL  Survey 
1906,  p.  79. 
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A.    FRONT  or  BAINBRIDGE  GLACIER. 
Fmn  point  A,  ftguf*  T-     Aufucl  3.  11 


B.    SOUTH  PART  OF  FRONT  OF  BAINBRiDGE  GLACIER. 
From  poinl  B.  taut*  T.     Au(u«3,190S.     Photogr^h  a  4). 


B.     PUGET  GLACIER. 


BAINBBIDOE  QLACISB. 
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north  encroftdies  upon  a  spruce  forest,  many  of  whose  trpra  have 
been  killed  by  being  partly  buried  in  glacial  outwash  (PI.  XXX,  A). 
Between  the  south  part  of  the  front  (PI.  XXIX,  B)  and  the  forest  is  a 
small  irregular  bare  zono  of  rock. 


FkKIKS  !■— K^oUrontpMtorBalnbridgofJliicicr.AiigustS.iaie.    Occupied  poinlslniinalcd  by  pirctei; 
inleisected  poiaU  Ijy  msses. 

The  photographs  here  reproduced  (Pis.  XXIX.  A  and  B,  and 
XXX,  A)  mark  the  position  of  the  front  of  the  Bainbridge  Glacier  on 
August  3, 1908,  and  will  be  of  service  in  determining  future  advance 
OTietreat.  Inl908  the  ice  was  practically  if  not  absolutely  at  its  limit 
oi  maximum  advance  since  the  growth  of  the  present  forest. 
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Photocrapht  of  Balabvldf*  Olaelar. 

G  39.  Bainbridge  Glacier  from  east  side  of  Port  Bainbridge  and  just  north  of  north 
entrance  to  Hogg  Bay.    August  2,  1908. 

G  40.  Here  reproduced  as  Plate  XXIX,  A.  Front  of  Bainbridge  Glacier  from 
point  A,  Figure  7.  August  3,  1908.  Point  A  is  on  the  top  of  the  most  southerly 
reef  at  the  north  entrance  to  the  shallow  bay  in  which  is  the  Bainbridge  Glacier; 
this  reef  is  covered  by  the  ordinary  high  tide. 

G  41.  Here  reproduced  as  Plate  XXX,  A,  North  part  of  front  of  Bainbridge 
Glacier,  showing  push  moraine,  overturned  trees,  and  dead  forest.    August  3,  1908. 

G  42.  Detail  of  front  of  Bainbridge  Glacier.    August  3,  1908. 

G  43 .  Here  reproduced  as  Plate  XXIX,  B.  South  part  of  front  of  Bainbridge  Glacier 
from  point  B,  Figure  7.  August  3,  1908.  Point  B  is  at  low-tide  line  on  the  south 
bank  of  one  of  the  larger  glacial  streams. 

OliACLERS   OF  THE  SOUTHERN    SHORE  OP   KENAI 

PENINSUIiA. 

CAPE  PUGET  TO  CAPE  BESUBBECTION. 

Between  Prince  William  Sound  and  Resurrection  Bay,  or  more 
strictly  between  Capes  Puget  and  Resurrection,  there  are  at  least 
four  marked  indentations  of  the  shore  line  having  valleys  opening 
into  them.  Each  of  these  valleys  contains  a  glacier.  From  east  to 
west  these  glaciers  are  the  Puget,  the  Excelsior,  an  unnamed  glacier, 
and  the  Ellsworth.  This  coast  lacks  good  harbors  that  are  not 
exposed  to  the  southerly  winds  and  except  for  Day  Harbor  has  been 
seldom  visited  and  not  carefully  mapped.  Our  delineation  of  this 
shore  (see  southw^st  comer  of  PI.  I  and  east  edge  of  PI.  II,  in  pocket; 
also  figs.  8  and  9)  shows  more  details  than  other  maps  but  can  not 
be  regarded  as  accurate. 

PUGET   GLACIER. 

The  Puget  Glacier,  to  which  we  apply  the  name  of  the  adjacent 
cape  and  bay,  ends  about  a  mile  and  a  quarter  from  the  head  of 
Puget  Bay.  This  glacier  is  shown  on  Tebenkof  s  map  ^  (1852)  and 
probably  also  on  Vancouver's  map,  though  it  is  omitted  from  recent 
United  States  Coast  and  Geodetic  Survey  charts  (Nos.  8502  and 
8550).  We  visited  the  head  of  Puget  Bay  on  July  11,  1909,  at  which 
time  the  accompanying  sketch  map  (fig.  8)  was  made  and  the  glacier 
was  photographed  (PI.  XXX,  B), 

The  surface  of  the  upper  part  of  the  Puget  Glacier  is  smooth,  but 
about  a  mile  and  half  above  its  lower  end  the  glacier  narrows  and  for 
half  a  mile  its  surface  is  steep  and  much  crevassed.  It  then  widens 
and  becomes  smooth  again  but  farther  down  passes  over  a  cliff,  on  the 
top  of  which  the  western  side  of  the  glacier  ends  in  an  ice  wall  esti- 
mated to  be  200  feet  in  height.  The  blocks  of  ice  which  fall  over  the 
cliff  from  this  wall  probably  do  not  consolidate,  although  this  was  not 
conclusively  shown  by  our  observations.  The  eastern  part  of  the  ice 
ttream  comes  over  this  cliff  in  a  much  crevassed  condition  and  then 

— ^ ,    -, M M-^  M  I     ■        I  I  ■  I     I.        -  I  - •^~"^^~^^^ 

>  Davidson,  George,  op.  cit.,  p.  20,  map  5. 
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becomee  smoother  and  deploys  toward  its  end.    Beyond  the  end  of 

the  glacier  is  a  bare  zone  of  considerable  extent,  between  which  and 

the  sea  is  a  mature  forest.     The  bare  zone 

appears  to  have  been  occupied  recently 

by  the  glacier.     Davidson  *  states  that  the 

glacier  ended  half  a  mile  from  the  shore; 

thia  distance  was  probably  taken  from  the 

older  maps  (Tebenkof'a  or  Vancouver'H), 

for  evidently  it  was  not  carefully  measured . 

We  did    not  go  nearer  the  glacier  than 

point  A,  figure  S. 

EXCEI-SIOR    ai«VCIER, 

The  name  Excelsior  is  in  use  locally  for 

this  glacier;  we  do  not  knowwhen  the  name 

was  applied  and  have  heard  of  no  other 

name  being  used  for  this  ice  stream,  which 

is  shown  on  the  earlier  maps.'     We  passed 

within  2  miles  of  the  glacier  on  July  11,  1909.     Its  front  appears 

to  be  within  half  s  mile  of  the  sea.  On  the  east  is  a  very  wide  bare 
zone  between  the  ice  and  the  forest,  and 
on  the  west  Uiere  is  also  a  bare  zone,  but 
this  is  not  so  clearly  seen.  The  glacier 
ends  on  a  low  gravel  flat,  the  central  part 
of  which  is  bare  of  vegetation.  From  the 
appearance  of  these  bare  zones  it  seems 
that  the  Excelsior  Glacier  has  been  con- 
siderably latger  within  a  few  years,  and 
its  front  may  have  reached  the  sea  very 
recentl)'. 

ELIJiWORTlI    QLACIEn. 

The  Ellsworth  Glacier  is  situated  at  the 
head  of  Day  Ilurbor,  the  first  bay  east  of 
Resurrection  Bay.  This  glacier  is  not 
mentioned  by  Davidson  and  evidently  did 
not  appear  on  the  mii])9  of  Tebenkof  or 
Vancouver.  It  is  shown  as  reaching  tide- 
water on  United  States  Coast  and  Geodetic 
Survey  chart  8502  (1907).  Wc  visited 
y..-^  ,.-^.u.  n»p  u  Eibwoni.  the  head  of  Day  Harbor  on  July  12,  1909 
cuderuHiiittdoiDarHvborJiiir  at  wMch  time  the  accompanying  sketch 
"•"*■  ■  map(fig.9)of  theglacierwasmade.mainly 

from  point  A.    The  name  Ellsworth  Glacier  is  in  use  at  Seward,  the 
g\aaer  being  named  after  H.  E.  Ellsworth  of  that  place. 

>  DsTldan,  Oncie,  op.  olt.,  p.  30,  lup  i. 
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The  Ellsworth  Glacier  is  an  ice  stream  of  considerable  length  and 
low  slope.  It  ends  about  a  mile  and  three-quarters  from  tidewater. 
The  glacier  carries  four  well-marked  medial  moraines,  and  the  eastern 
part  of  its  front  is  covered  with  much  d6bris.  Two  feeders  join  it 
from  the  east.  About  opposite  the  upper  feeder  is  a  nunatak,  and  a 
little  south  of  this  feeder  and  farther  west  is  another  nunatak  of  small 
size,  both  of  which  rise  only  a  little  above  the  ice  surface.  On  the 
west  side  of  the  end  of  the  glacier  is  a  bare  zone  perhaps  200  feet  in 
height  (PI.  XXXI,  A),  On  the  east  side  of  the  end  is  a  morainic 
deposit,  also  bare  of  vegetation,  and  there  are  some  morainic  hillocks 
in  front  of  the  glacier.  Part  of  the  outwash  plain  is  covered  with 
vegetation.  We  did  not  visit  the  front  of  the  glacier  and  therefore 
have  no  information  as  to  recent  retreat  or  advance,  except  for  the 
bare  zone  noted  above.  It  is  very  improbable  that  this  glacier  has 
reached  tidewater  within  historic  time. 

West  of  the  head  of  Day  Harbor  are  two  other  north-south  valleys. 
The  eastern  one  contains  two  small  glaciers  some  8  or  10  miles  from 
the  sea,  and  on  the  western  side  of  the  western  valley  is  another  small 
glacier  about  4  miles  from  the  sea.  In  the  mountains  west  of  the 
head  of  Day  Harbor  are  several  cirques,  one  of  which  contains  the 
small  glacier  just  noted.  Three  other  cirques  have  moraines  across 
their  fronts  and  possibly  may  contain  small  glaciers. 

Photographs  of  glaaton  bttwMA  Oapet  Pnget  and  SemntetloB. 

G  117.  Here  reproduced  as  Plate  XXX,  B.  Puget  Glacier  from  point  A,  figure  8. 
July  11 ,  1909.    Point  A  is  near  the  east  end  of  the  beach  at  the  head  of  Puget  Bay. 

G  118.  West  side  of  front  of  Excelsior  Glacier  from  boat.    July  11,  1909. 

G  119.  East  side  of  front  of  Excelsior  Glacier  from  boat.    July  11,  1909. 

G  120.  Ellsworth  Glacier  from  boat.    July  12,  1909. 

G  121.  Here  reproduced  as  Plate  XXXI,  A,  Ellsworth  Glacier  from  point  A,  figure 
9.  July  12,  1909.  Point  A  is  the  top  of  a  drift  hill  about  60  feet  above  sea  level, 
undercut  on  the  north  side,  at  the  northeast  comer  of  Day  Harbor.  The  summit  of 
the  hill  ts  forested,  and  the  station  is  at  the  edge  of  Uie  forest  and  at  the  top  of  the  steep 
northerly  slope. 

G  215.  Hanging  valley  and  cirque  possibly  containing  a  glacier,  at  west  side  of  head 
of  Day  Harbor.    July  12,  1909. 

BESUBBECTION  BAT. 

Resurrection  Bay  is  the  most  northerly  extending  indentation  of 
the  coast  line  of  the  Gulf  of  Alaska  between  Prince  William  Sound 
and  Cook  Inlet.  The  high  mountains  east  of  this  bay  carry  several 
small  glaciers,  which  end  far  above  sea  level,  and  on  the  west  side  of 
the  bay  is  the  Bear  Glacier,  the  largest  ice  stream  to  reach  the  sea 

on  the  Kenai  Peninsula. 

'1* 

THUMB   COVE   GLACIERS. 

On  August  21  and  22,  1908,  we  made  a  short  trip  to  Thumb  Cove 
'^^ocally  known  as  Porcupine  Bay),  and  in  visiting  .the  prospects  in 
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this  vicmity  made  a  sketch  (fig.  10)  and  took  a  few  notes  on  the 
glaciers  near  this  little  bay.  Although  these  glaciers,  when  viewed 
from  the  bay,  seem  to  be  clinging  to  the  mountains  as  hanging 
glaciers,  a  visit  to  them  reveals  the  fact  that  they  occupy  well-defined 
valleys.  The  Spoon  and  Pros[>ect  Glaciers  especially  occupy  well- 
developed  cirques  whose  walls  are  in  places  nearly  a  thousand  feet 
sheer.  The  Porcupine  Qlacier  was  not  visited,  but  its  front  could 
be  very  well  seen  from  tidewater. 

The  Prospect  Glacier  was  named  from  the  fact  that  S.  E.  likes  has 
done  considerable  prospecting  along  the  back  cirque  wall.  The  front 
of  the  glacier  is  bre&king  over  a  small  rock  cliff.  The  Spoon  Glacier 
was  so  named  on  account  of  its  smooth,  glassy,  round  front,  which 
remindsone  approaching  from  below 
of  the  inverted  end  of  abugespoon. 
The  Porcupine  Glacier  bears  the 
local  name  of  the  bay. 

The  bare  areas  about  the  fronts 
of  all  these  glaciers  indicated  in 
1908  a  minimum  recorded  extent  of 
the  ice.  Between  the  Prospect  and 
Spoon  glaciers  is  an  abandoned 
medial  moraine.  It  is  about  80  feet 
high  in  the  highest  parts,  its  topis 
sharp,  and  its  sides  ere  very  steep, 
for  they  have  not  yet  adjusted 
themselves  to  an  angle  less  than 
that  of  repose  for  the  material  of 
the  moraine.  Bowlders  of  prodig- 
ious size  are  common.  The  lai^est 
one  seen  was  estimated  as  equal  to 
a  20-foot  cube.  The  condition  of 
the  vegetation  on  the  moraine  indicates  that  several  decades  have 
passed  since  these  glaciers  coalesced. 

Just  north  of  the  Prospect  Glacier  is  what  appears  to  be  a  small 
ice  cap  covering  the  top  and  upper  part  of  the  western  slope  of  a 
mountain  more  than  4,000  feet  in  height. 

GODWIN   GLACIER. 

The  Godwin  Glacier  is  on  the  east  side  of  Resurrection  Bay  directly 
east  of  Seward,  and  is  the  source  of  Godwin  River.  The  glacier  ends 
about  3  miles  from  the  bay  at  an  altitude  of  approximately  1,000 
feet.  The  end  of  the  glacier  is  forked,  and  in  front  of  it,  as  seen  from 
the  bay,  is  a  bare  zone  about  a  quarter  of  a  mile  wide.  Next  to  this 
is  another  zone  of  similar  width  covered  with  bushes,  after  wliicb 
comee  a  forest  extending  to  sea  level. 


FiouHi  10.— Sketch  map  of  Tbunb  Cove  ^&- 
dm,    RcnuTeeUon    Bay,  AufUBt   31,    law. 

Croaei  IndlisM  (npp«r  pnxpecti;  ibam  Una 
uid  elevatloDi  from  UnJied  Btateg  Cout  and 
Ooodelio  Surve;:  Danlour  Interval  SOO  Icet. 
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BBAS  OLACIEB. 

The  Bear  Glacier  ends  on  a  gravel  flat  on  the  west  aide  of  Remurec- 
tion  Bay  12  miles  south  of  Seward.  The  name  Bear  Glacier  is  in  use 
at  Seward.  Our  visit  to  this  glacier  was  made  on  July  20  and  21, 
1909.  No  accurate  information  concerning  the  glacier,  except  its 
existence  and  the  fact  that  it  reaches  sea  level,  was  available  before 
the  publication  of  chart  No.  8538  of  the  United  States  Coast  and 


nouiE  11.~UBpD[rrDn)panorB«arai»cier  July  aaukdZl,  I«M.    Orcupied  points  ImlMled  bf  di 
arrows  show  directions  In  whicb  photographs  were  taten;  stevaUons  [inin  United  SIfttea  CoHt  and 
Geodetic  Survey  chwt  No.  SS3S;  ronlour  Inlcri-iil,  SOO  Iwt. 

Geodetic  Survey.    Thb  map  shows  that  the  front  of  the  glacier  was 
in  easentially  the  same  position  in  1906  as  it  was  in  1909. 

The  Bear  Glacier  has  a  comparntively  low  slope  and  carries  two 
large  medial  moraines  (fig.  11).     The  gravel  flat  on  which  the  glacier 
rests  is  partly  covered  by  the  highest  tides,  and  apparently  a  com- 
bination of  highest  tide  and  strong  southerly  wind  brings  waves  ov&v:^ 
the  greater  part  of  it.    Along  the  center  of  the  ice  front  high  tidk^i^ 
peaches  the  glacier.    On  the  east  side  of  the  flat  is  a  grave)  terr^j^^ 


AUUK  BAY.  57 

(PI.  XXXI,  B)  covered  with  grass  and  a  few  bushes;  the  terrace 
at  its  south  end  is  at  high-tide  level  and  rises  about  30  feet  in  going 
northward  a  mile.  A  small  remnant  of  apparently  the  same  terrace 
persists  on  the  western  part  of  the  glacial  flat.  The  top  of  the  terrace 
probably  represents  the  surface  of  the  outwash  plain  as  it  was  when 
the  glacial  front  stood  farther  back  than  at  present. 

Northeast  of  the  glacial  front  is  a  bare  rock  face  about  200  feet 
high,  evidently  recently  glaciated,  and  south  of  this  Ls  a  rocky  island 
in  the  glacial  flat.  The  nortli western  side  of  tlie  island  is  bare  of  tim- 
ber, but  the  southeastern  side  is  wooded.  West  of  tlie  glacior  front  is 
a  bare  zone  about  200  feet  high  (PI.  XXXII,  -4),  which  cxten<ls  a  quar- 
ter of  a  mile  beyond  the  ice  front.  This  bare  zone  has  been  invaded 
recently  by  talus  cones,  and  its  upper  si<le  is  not  sharply  marked. 
The  glacier  front,  therefore,  has  been  perhaps  a  quartcT  of  a  mile  in 
advance  of  its  present  position  in  comparatively  recent  yvavSj  but  has 
not  been  farther  advanced  than  that  distance  since  the  growtli  of  the 
present  forest. 

The  probable  fluctuations  of  the  Bear  Glacier  since  the  growth  of 
the  present  forest  may  be  recorded  as:  (1)  A  maximum  advance  to 
and  into  the  forest,  perhaps  25  or  more  years  ago;  (2)  a  retreat  of  an 
unknown  distance,  during  which  an  outwash  plain  (now  represented 
by  remnants  of  a  terrace)  was  constructed  at  a  higher  level  than  the 
present  plain;  and  (3)  an  advance  to  the  present  position,  which  is 
perhaps  a  quarter  of  a  mile  short  of  the  maximum  mentioned  above. 

Photographi  of  gladen  of  SeiureotioB  Bay. 

G  63.  View  northeastward  into  Thumb  Cove  from  boat,  showing  small  ice  cap  on 
left,  n6v6  field  of  Spoon  Glacier  on  right  and  Prospect  Glacier  in  center,  with  sur- 
rounding peaks.    August  21.  1908. 

G  64.  Same  as  G  63;  a  closer  view.    August  21,  1908. 

G  65.  Porcupine  Glacier  and  surrounding  mountains  from  bout  near  head  of  Thumb 
Cove.    August  21, 1908. 

G  122.  East  part  of  front  of  Bear  Glacier  from  point  A,  fij,'ure  1 1 .    July  20,  1909. 

G  128.  Here  reproduced  as  Plato  XXXI,  B.  East  ])art of  front  of  Boar (Thuier from 
point  B,  figure  11.    July  20, 1909. 

G  124.  Here  reproduced  as  Plate  XXX II ,  A .  West  part  of  front  of  Bear  Glacier  from 
point  C,  figure  11.    July  21;  1909. 

G  125.  Bear  Glacier  from  boat.    July  21,  1909. 


GENERAL  FEATURES. 


Aialik  Bay  is  the  deep  bay  just  west  of  Resurrection  Bay.  Both 
the  point  between  these  two  bays  and  the  sliores  of  Aiahk  Bay  are  very 
irregular,  being  indented  by  many  approximately  semicircular  small 
bays  and  coves,  which  represent  old  glacial  cirques  partly  or  com- 
pletely drowned.  (See  PI.  XXXIII.)  The  drowning  is  most  pro- 
nounced at  the  south  end  of  the  bay,  and  the  cirque  floors  rise 
gradually  until  at  the  north  end  they  lie  above  sea  level. 
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On  the  eastern  shore  of  the  upper  half  of  Aialik  Bay  are  four  small 
glaciers.  On  the  western  shore  of  the  bay  are  other  glaciers  high  up 
in  the  mountains,  and  three  large  glaciers  reach  tidewater.  (See 
PI.  XXXIII.)  These  three  ice  streams,  as  well  as  the  Bear  Glacier, 
come  from  an  immense  snow  field  lying  northwest  of  Aialik  Bay.  The 
depth  and  extent  of  this  snow  field  are  unknown,  but  it  is  one  of  the 
largest,  if  not  the  largest,  on  the  Kenai  Peninsula.  Glaciers  from  the 
western  side  of  this  snow  field  drain  into  Tustumena  Lake  and 
probably  others  into  Skilak  Lake.  ^ 

AIALIK   QLACIEB. 

The  Aialik  Glacier  reaches  tidewater  at  the  west  side  of  the  extreme 
head  of  Aialik  Bay,  whence  the  name  here  applied.  This  glacier  is 
not  mentioned  by  Davidson,'  and  so  probably  was  not  shown  on 
Vancouver's  and  Tebenkof 's  maps.  It  is  shown  as  reaching  tidewater 
on  chart  No.  8502  of  the  United  States  Coast  and  Geodetic  Survey 
(1907).  We  visited  the  AiaUk  Glacier  on  July  23,  1909,  and  most  of 
our  observations  were  made  from  the  top  of  Squab  Island,  a  mile 
east  of  the  southern  part  of  the  front  of  the  glacier  and  100  feet  above 
sea  level  (point  A,  PL  XXXIII). 

The  glacial  front  is  a  cliff,  estimated  to  be  200  feet  high,  from 
which  ice  is  being  discharged  rapidly.  There  is  no  medial  moraine 
on  the  Aialik  Glacier,  and  the  lateral  moraines,  especially  the  one  on 
the  nortlieast  side,  are  not  large.  At  the  center  of  the  front  a  small 
mass  of  rock  has  just  been  uncovered  by  the  ice,  and  another  small 
mass  appears  about  a  third  of  the  way  from  the  center  to  the  north 
end  of  the  front  (PI.  XXXII,  B).  On  eacli  side  of  the  glacier  is  a 
marked  bare  zone,  and  in  the  bare  zone  on  the  south  side  is  a  lateral 
moraine  (PL  XXXIV,  A).  When  the  ice  extended  over  this  bare 
zone,  possibly  10  years  ago,  the  front  was  about  a  quarter  of  a  mile  in 
advance  of  its  present  position.  Much  more  advanced  positions  of 
the  Aialik  Glacier,  occupied  several  centuries  ago,  are  indicated  by 
shoals,  caused  by  morainic  accumulations,  stretching  across  the  head 
of  Aialik  Bay  opposite  and  a  mile  north  of  the  front  of  the  Pederson 
Glacier. 

PEDERSON   GLACIER. 

The  Pederson  Glacier  ends  4  miles  south  of  the  Aialik  Glacier. 
Davidson  ^  states  that  the  Pederson  Glacier  is  shown  by  Tebenkof 
(1852),  and  that  it  ends  half  a  mile  from  the  sea.  We  visited  this 
glacier  on  July  23,  1909. 

Toward  its  end  the  Pederson  Glacier  Ls  smooth;  it  deploys  upon  a 
glacial  flat,  and  the  center  of  its  front  is  readied  by  high  tide  (PI. 

>  Recently  the  extent  of  this  groat  snow  field,  especially  to  the  west  and  north,  has  been  detennined  by 
H.  H.  Sargent,  of  the  United  States  Geological  Surrey. 
*  Op.  cit.,  p.  10,  map  4. 
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XXXm).  The  northern  part  of  the  front  forms  a  perpendicular 
cliff  of  ice  perhaps  100  feet  high.  This  glacier  has  no  medial  moraine 
and  has  a  well-marked  bare  zone  on  each  side  of  the  front.  On  the 
north  side  this  zone  is  approximately  200  feet  high  where  it  touches 
the  ice,  and  it  extends  a  third  of  a  mile  east  from  the  present  front  of 
the  glacier  (PL  XXXIV,  JB).  Along  much  of  the  front,  a  quarter  to  a 
third  of  a  mile  from  the  ice,  are  remnants  of  a  low  moraine,  which  has 
now  been  nearly  cut  away  by  the  waves.  On  this  moraine  are 
herbaceous  plants  and  some  alders  about  2  feet  lilgh.  The  moraine 
was  probably  deposited  at  the  time  when  the  gla<;ier  advanced  to  the 
edge  of  the  bare  zone  mentioned  above.  Tlus  advance  may  have 
been  made  15  years  ago  and  apparently  was  tlie  maximum  advance 
of  the  glacier  since  the  advent  of  tlie  present  forest.*  The  earlier 
recorded  position  of  the  ice  front  mentioned  by  Davidson  was  prob- 
ably close  to  its  position  in  1909. 

HOLOATE   GIJICIER. 

llie'HoIgate  Olacier  lies  at  the  head  of  Holgate  Bay,  the  main 
wiesterly  branch  of  Aialik  Bay.  This  glacier  is  mentioned  by  David- 
son as  nearly  reaching  the 'beach  and  is  shown  on  Tebenkof's  map 
(1852).^  We  examined  this  glacier  from  points  C  and  D,  Plate 
XXXIII,  on  July  24, 1909. 

The  Holgate  Glacier  reaches  tidewater  in  two  streams  separated 
by  a  small  mass  of  rock,  which  not  many  years  ago  was  a  nimatak 
in  this  glacier.  (See  Pis.  XXXIII  and  XXXV,  A.)  The  northern 
and  larger  stream  is  discharging  rapidly,  but  the  discharge  from  the 
southern  stream  is  small.  Near  the  south  side  of  the  larger  stream 
is  a  small  medial  moraine,  but  the  glacier  as  a  whole  is  free  from 
medial  moraines.  The  same  statement  can  be  made  concerning 
the  other  glaciers  on  the  west  side  of  Aialik  Bay.  They  all  come 
from  an  extensive  snow  field  that  has  few  bare  peaks  rising  above 
its  surface. 

About  three-fourths  of  a  mile  east  of  the  front  of  the  northern 
stream  of  the  Holgate  Glacier  is  a  rounded  reef,  recently  glaciated 
and  now  covered  by  the  highest  tides.  (See  point  D,  Pis.  XXXIII 
and  XXXV,  A).  There  are  no  trees  on  the  sides  of  Holgate  Bay 
within  IJ  miles  of  its  head,  and  beyond  this  the  forest  is  sparse. 
There  are  no  bushes  and  very  few  herbaceous  plants  close  to  sea 
level  from  the  glacier  to  a  point  a  quarter  of  a  mile  east  of  the  reef 
mentioned  above.  The  rock  mass  between  the  two  parts  of  the 
glacial  front  has  bushes  only  on  its  upper  half  on  the  front  and  on 
its  upper  fourth  on  the  sides.  (PI.  XXXV,  A,)  In  very  recent  years, 
then,  possibly  within  the  twentieth  century,  the  front  of  the  Holgate 
Glacier  was  about  a  mile  in  advance  of  its  position  in  1909. 

i  Davidson,  George,  loo.  cit. 
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On  the  southwestern  side  of  Holgate  Bay  several  ice  tongues 
descend  the  moimtain  sides  but  do  not  reach  within  a  few  himdred 
feet  of  sea  level.  Most  of  these  glaciers  lie  in  shallpw  valleys,  and 
all  come  apparently  from  the  same  part  of  the  great  snow  field  that 
feeds  the  Holgate  Glacier. 

Photographi  of  flaolen  of  Aiallk  Bay. 

G  127.  Pedereon  Glacier  from  boat.    July  22,  1909. 

G  128.  South  part  of  front  of  Aialik  Glacier  from  point  A,  Plate  XXXIII.  July  23, 
«  1909.    Point  A  is  the  top  of  a  rocky  islet  a  mile  east  of  the  glacier. 

G  129.  North  part  of  front  of  Aialik  Glacier  from  point  A,  Plate  XXXIII.  July 
23,1909. 

G  130.  Here  reproduced  as  Plate  XXXIV,  B.  North  part  of  front  of  Pederson 
Glacier  from  poirit  B,  Plate  XXXIII.    July  23,  1909. 

G  131.  South  side  of  front  of  Pederson  Glacier  from  point  B,  Plate  XXXIII.  July 
23, 1909. 

G  132.  Here  reproduced  as  Plate  XXXV,  A.  Holgate  Glacier  from  point  C,  Plate 
XXXIII.  July  24,  1909.  Point  C  is  on  a  shingle  beach  on  the  north  side  of  Holgate 
Bay,  about  1.2  miles  from  the  glacier. 

G  133.  North  part  of  Holgate  Glacier  from  point  D,  Plate  XXXIII.  July  24,  1909. 
Point  D  is  on  a  laige  rock  reef,  which  is  apparently  covered  by  the  highest  tides,  and 
is  shown  in  photograph  G  132  (PI.  XXXV,  A). 

G  134.  South  part  of  Holgate  Glacier  from  point  D,  Plate  XXXIII.    July  24,  1909. 

G  135.  Glaciers  on  south  side  of  Holgate  Bay  from  boat.    July  24,  1909. 

G  220.  Here  reproduced  as  Plate  XXXIV,  A.  South  part  of  front  of  Aialik  Glacier 
from  point  A,  Plate  XXXIII.    July  23,  1909. 

G  221.  Here  reproduced  as  Plate  XXXII,  B.  North  part  of  front  of  Aialik  Glacier 
from  point  A,  Plate  XXXin.    July  23,  1909. 

G  222.  Glaciers  on  south  side  of  Holgate  Bay  from  boat.    July  24,  1909. 

G  223.  Holgate  Glacier  from  point  C,  Plate  XXXIII.    July  24,  1909. 

G  224.  South  part  of  Holgate  Glacier  from  point  D,  Plate  XXXIII.    July  24, 1909. 

G  225.  North  part  of  Holgate  Glacier  from  point  D,  Plate  XXXIII.    July  24,  1909. 

NOBTHWE8TEBN  QLACIEB. 

The  Northwestern  Glacier  (fig.  12)  reaches  the  ocean  at  the  head 
of  Harris  Bay,  the  second  large  bay  southwest  of  Resurrection  Bay. 
This  glacier  is  one  of  the  largest  ice  streams  of  the  Kenai  Peninsula 
and  is  in  full  view  from  the  open  ocean,  forming,  with  its  surroim^ing 
lofty  peaks,  the  most  striking  scenic  feature  of  the  southern  shore  of 
the  Kenai  Peninsula.  The  Northwestern  Glacier,  which  we  named 
after  Northwestern  University,  is  shown  by  Tebenkof  *  as  reaching 
almost  to  the  sea.  We  visited  this  glacier  on  July  26  and  27,  1909, 
and  examined  it  from  points  1  to  5  miles  distant  and  also  from  a 
boat  less  than  a  mile  from  the  glacier  front. 

The  Northwestern  Glacier  descends  from  a  large  ice  field  north- 
west of  Harris  Bay.  Eight  or  10  miles  from  the  water  several  peaks 
stand  out  above  the  edge  of  this  ice  field,  and  from  the  vicinity  of 
these  peaks  ice  streams  descend  rapidly  to  a  wide,  low  valley,  which 

>  Davidson,  Qeorgo,  loc.  cit. 
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the  main  glacier  follows  to  the  eea.     The  glacier  Bhows  on  its  surface 

a  number  of  well-marked  medial  moraines,  six  of  which  come  down 

to  its  tidewater  front;  at  least  two  others  end  in  the  hills  on  the 

north  (Ft.  XXXV,  B).     The  peaks  just  mentioned  and  the  medial 

mor^nes  coming  from  them  are  of  reddish  granite,  and  in  conse- 

quence  the  surface  of  the  glacier  is  striped  with  hands  of  a  buff 

color.     The    west    quarter    of   the 

front  of  the  glacier  forms  a  steep 

cliff  and   is    discharging    rapidly. 

The  eastern  half  of  the  front  lies 

on  a  gravel  flat,  the  eastern  part  of 

which  is  not  covered  by  high  tide. 

On  each  side  of  the  front  there  is 

a  bare  zone  between    the  glacier 

and  the  forest  (PI.  XXXVI).    This 

zone  extends  a  quarter  of  a  mile 

beyond    the   front    of    the   glacier 

and  is  estimated  to  reach  150  feet 

in  height  above  the  surface  of  the 

glacier  near  its  front. 

The  front  of  the  Northwestern 
Glacier  was  in  1909  about  a  quarter 
of  a  mile  back  of  its  position  of 
maximum  advance  since  the  growth  of  the  present  forest.     This  maxi- 
mum position  was  occupied  perhaps  10  to  15  yean  ago. 

Pbotofiaphi  at  Hortbmitvn  aiad«. 

G  136.  Northwestern  Glacier  from  boat.     July  26,  1909. 

G  137.  Here  reproduced  as  Plate  XXXVl,  A.  Eastern  part  i>f  front  of  Norlhn-efit- 
em  Glacier  from  point  A,  figiire  12.  July  26,  1909.  Point  A  is  at  (he  base  of  Ihe 
Tocky  spit  connecting  a  email  inland  with  the  west  shore  of  Uairia  Bay,  about  1.2 
miles  south  of  the  front  of  the  Northwestern  Glacier. 

G  138.  Here  reproduced  as  Plate  XXXV,  B.  Northwestern  Glacier  from  end  at 
point  on  south  aide  of  the  second  large  bay  from  the  glacier  c)n  Ihe  east  side  of  Harris 
Bay.  This  point  is  just  northeast  of  Ihe  north  end  of  the  granite  Ireland  5  miles  lo[ig 
at  ttie  eastern  entrance  to  Harris  Bay.     July  27,  1909. 

G  139.  Same  poeition  as  G  136;  the  camera  was  turned  a  liltle  mure  (o  the  left. 
July  27, 1909. 

G  140.  Here  reproduced  as  Plate  XXXVI,  B.  WcBlcm  part  of  front  of  Northwept- 
tm  Glacier  from  boat.     July  27,  1909. 

G  226.  Nurthweelem  Glacier.    July  26, 1909. 

TWO  AB.M  BAY. 

Two  Arm  Bay,  thus  called  locally  from  its  form,  lies  18  milra 
west  of  Chiswell  Islan<l3  and  12  miles  northeast  of  Pye  Islands. 
(See  PI.  II,  in  pocket.)    Tebenkof,  as  quoted  by  Davidson,'  in- 

>  DavtdMii,  Qeocge,  loc,  dt. 
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dicates  a  glacier  coming  close  to  but  not  reaching  tidewater  at 
the  head  of  each  arm  of  this  bay.  The  same  glaciers,  the  western 
one  coming  to  sea  level,  are  shown  on  United  States  Coast  and 
Geodetic  Survey  chart  No.  8502  (1907).  We  visited  the  heads  of 
both  arms  of  this  bay  in  July,  1909.  There  is  no  glacier  to  be  seen 
on  the  western  arm,  and  we  noted  no  evidence  of  the  presence  of 
one  in  historic  times;  neither  do  the  streams  entering  the  bay,  as 
far  as  we  saw,  carry  glacial  silt.  About  the  head  of  the  eastern 
arm  of  this  bay,  however,  are  at  least  four  small  glaciers  whose 
waters  reach  the  bay.  These  ice  streams  end  about  1,000  feet  above 
sea  level,  and  one  of  them  evidently  comes  from  the  same  great  ice 
field  from  which  the  Northwestern  and  McCarty  glaciers  flow.  Our 
recollection  is  that  there  is  a  mature  forest  separating  all  these  gla- 
ciers from  the  sea,  so  they  have  not  reached  nearly  to  tidewater  in 
historic  times. 

MT7KA  BAY. 
GENERAL   FEATURES. 

Nuka  Bay  is  the  large  inlet  lying  just  west  and  northwest  of  the 
Pye  Islands.  It  has  several  arms  or  branches.  At  the  head  of  the 
eastern  arm  is  the  McCarty  Glacier,  the  most  westerly  to  reach  tide- 
water on  the  southern  shore  of  the  Kenai  Peninsula.  The  Split 
Glacier  ends  about  2  miles  from  the  head  of  the  northern  arm.  On 
the  southwest  shore  of  the  northwest  arm  are  at  least  four  glaciers, 
but  none  of  them  end  near  sea  level.  The  western  arm  (Yalik  Bay) 
has  no  glaciers  draining  into  it.  On  the  western  side  of  Nuka  Bay 
south  of  Yalik  Bay  are  two  larger  glaciers,  Yalik  and  Petrof,  and 
several  smaller  ones  which  do  not  reach  the  sea  but  whose  waters 
drain  into  Nuka  Island  Passage.  The  information  here  given  con- 
cerning the  glaciers  of  Nuka  Bay  was  obtained  between  July  30  and 
August  8,  1909. 

m'cartt  glacier. 

The  McCarty  Glacier  reaches  the  sea  at  the  head  of  the  north- 
eastern arm  of  Nuka  Bay  (fig.  13).  The  glacier  was  named  by 
residents  of  the  locality  after  William  McCarty,  of  Seward.  It  has 
a  prominent  medial  moraine  in  its  western  half,  which  stands  up 
above  the  ice  surface  as  a  ridge.  The  front  of  the  glacdcr  deploys 
in  semicircular  form  on  a  gravel  flat,  which  is  mainly  above  sea  level. 
At  the  center  of  its  front,  however,  the  glacier  reac*hes  tidewater  and 
in  places  presents  a  steep  wall  about  200  feet  high.  From  this  wall 
blocks  of  ice  fall  into  the  water,  which  is  so  shallow  that  the  larger 
iceberg  do  not  float  away. 

East  of  the  front  of  the  McCarty  Glacier  is  a  broad  pitted  ])lahi, 
and  nearer  the  ice  are  morainic  ridges  which  mark  an  advance  of 


FRONT  OF  Mccarty  glacier. 

From  point  A,  figure  13.     July  30,  1909, 
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the  ice  some  years  ago.  Between  the  glacier  and  Dcl^ht  Lake  these 
moraiiuc  ridges  reach  a  height  of  60  feet.  South  of  this  lake  a  rock 
ridge  extends  westward  within  about  a  quarter  of  a  mile  of  the 
glacier.  This  ridge  is  showD  on  the  right  side  of  Plate  XXXVII,  A. 
The  end  of  the  ridge  is  of 
bare  rock  and  has  been 
glaciated  up  to  a  height  of 
250  feet,  at  which  eleva- 
tion the  ice  invaded  a 
mature  forest  and  killed 
many  of  the  trees,  which 
are  now  without  bark  and 
most  of  which  are  lying 
OD  the  ground.  Standing 
among  the  dead  trees  are 
live  spruces,  thelaigest  of 
which  are  12  feet  high  and 
eincbesindiameter.  The 
advance  of  the  ice  that 
destroyed  ihe  laige  trees     FMtnEia.— Uipiitrn)DtpartotueoBrtyoiKtarJDiy3o,uo9; 

and    constructed  the   mo-         Oooupled  poinu  indicated  by  dideMnlenBolH  polnWbj 
,  uroMiL    Dotted  limn  Blg;doof^actBrliidh»UUmlIiD[  bun 

raiDlC     ndges    just    men-         toon.   CoDtourluler\-tl,a»leet. 

tioned  occurred  perhaps 

50  years  ago  and  is  the  extreme  advance  of  the  eastern  part  of  the 

glacier  since  the  growth  of  the  present  forest. 
On  the  west  side  of  the  glacial  h^nt  is  a  gravel  plain  -Kith  two 

Uncs  of  low  morainic  ridges,  one  near  the  outer  edge  of  the  plain 
and  one  within  about  a 
quarter  of  a  mile  of  the 
ice.  These  morainiii  ac- 
cumulations were  prob- 
ably synchronous,  re- 
spectively, with  the  old 
and  young  lateral  mo- 
aXaes  shown  in  figure  1 4. 
The  extreme  western 
side  of  the  MrCarty  Gla- 
lier  falls  abruptly  over 
the  point  of  a  rock  ridge 
some  S-W  feet  liigli.  (See 
PI.XXXVIII.^.)  From 
the  top  of  this  ridge  and  just  west  of  the  ice  (pouit  D.  fig.  1.3) 

an  excellent  view  of  the  glacier  and  its  environs  is  obtained.     Here 

are  two  lateral  moraines  now  beyond  the  edge  of  the  iee.    The  older 

and  outer  of  these  monunes  is  not  very  well  defined  and  ranges  from 


noi-K>  u.— UafmiunaliccromECCtiuaul  »< 
Glider,  Uken  eut  and  writ  thmueb  poi 
Vertical  icrfB  grestly  niaggentea 
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B  few  feet  to  12  feet  in  height.  Moss  and  young  spruce  trees  cover 
most  of  ite  surface,  and  in  it  are  many  fragments  of  tree  trunks  and 
stumps.  Just  outside  this  moraine  on  the  west  is  a  forest  practi- 
cally all  whose  trees  near  the  ice  were  killed  at  the  time,  appar- 
ently, at  which  the  moraine  was  fonned  (fig.  li).  These  trees  are 
in  about  the  same  stage  of  decay  as  the  fragments  of  wood  in  the 
moraine  and  are  all  in  a  more  advanced  stage  than  the  trees  at  any 
other  locality  described  in  this  report  where  a  forest  has  been  invaded 
by  the  ice,  except  those  of  the  forest  destroyed  by  the  maximum 
advance  of  the  eastern  part  of  the  Colum- 
bia Glacier.  The  advance  that  killed 
these  trees  was  the  maximum  of  the  west- 
em  part  of  the  McCuty  Glacier  since  the 
growth  of  the  present  forest  and  probably 
occurred  at  the  time  of  the  maximum  ad- 
vance shown  on  the  eastern  side  of  the 
same  glacier. 

East  of  the  lateral  moraine  just  de- 
scribed is  a  similar  but  much  younger  one. 
On  this  there  is  little  moss,  but  many 
young  spruce  trees  1  to  12  inches  high. 

SPLIT  OLACIEB. 

The  Split  Glacier  ends  in  the  upper  part 
of  a  steeply  graded,  gravel- filled  valley  at 
the  head  of  the  north  arm  of  Nuka  Bay 
(PI.  XXXVIU,  B).  The  front  of  the 
glacier  is  bifurcate,  because  of  a  rock  ridge 
^  near  its  center.    About  the  edge  of  the 

F»inu  U.— Usn  ortnml  part  a(  SpUt  ...                           ,           >■     ■.               > 

atuaFrAiigmt2,igDe.  Occupied  minu  ice  IS  a  bare  zone,  whose  umits  are  shown 

iiidka(edbyoirete»,U]t«aBciedpoinu  bv  the  outer  dotted  line  ou  the  map  (fie. 

In  -wbSBh  piiobigrmphs  wvo  ubm.  IS).    On  the  Central  ndge  and  the  hills 

contonr  Interval.  200  uid  100  feet,  uis  qh  the  Side  of  the  Valley  ttus  bare  zone  is 

tnuUer  Inler™!   being  used  In   the       ,  ,  1      j    l     i.  ■      .l  .  *  .i_ 

[mmediateviciiiityafUwgiacietfrani.  saarply  marked,  Dut  ui  ttie  cent«r  of  the 
Dotted  uiwaabaiit  front  of  glacier  in-  valley  it  merges  into  the  bare  gravel  floor. 
Witmn  this  zone  is  a  smaller  one,  mdi- 
cated  by  the  inner  dotted  line  on  the  map,  marking  the  limit  of  a  more 
recent  advance  of  the  ice.  The  distance  from  the  forest  on  the  eastern 
part  of  the  central  ridge  north  to  the  ice  is  a  Uttle  over  a  fourth  of  a 
mile.  As  one  walks  from  the  forest-covered  part  of  this  ridge  north- 
ward toward  the  glacier  he  passes  at  first  through  a  dense  growth 
of  alders,  grass,  and  moss,  which  gradually  becomes  smaller  and  less 
dense  as  the  ice  is  approached,  thus  indicating  a  very  gradual  retreat 
of  the  glacier  from  its  maximum  advance  since  the  advent  of  the  preS' 
ent  forest. 
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The  narrow  tongue  of  ice  projecting  from  the  eastern  part  <'f  the 
glacial  front  is  a  d^bris-covereci  remnant  of  the  ice  of  the  most  recent 
advance.  The  low  area  between  point  F,  shown  in  figure  15,  and 
the  front  of  the  western  lobe  of  the  glacier  is  occupied  by  gravel- 
covered  ice,  which  seems  to  be  floating  on  water,  mid  parts  of  the 


[lODt  cdgo  o[  Split  CllVlCT, 

ice  have  caved  in  because  of  the  weifjht  of  the  gravel,     (See  PI. 

XXIV,  B,  and  fig.  16.) 
The  Split  Glacier  with  its  surrounding  mountains  forms  a  scene  of 

quiet  color  and  beauty  not  excelled  by  any  among  the  glaciers  of 

Prince  William  Sound  and  the  southern  part  of  the  Kenai  Peninsula. 

The  ice  front  is  smooth  and  easy  of  access,  and  the  glacier  would 
probably  afford  an  easy  route  for  exploration 
from  Nuka  Bay  across  to  the  head  of  Kachemak 
Bay  of  Cook  IiUet. 

YALIK    GLACIER. 

The  Yalik  Glacier  ends  on  a  steep  gravel  flat 
about  2  miles  north  of  the  northwestern  side 
of  Nuka  Islitnd  Passage  (fig.  17).  The  glacier 
was  named  from  the  small  settlement  of  Yalik, 
which  formerly  existed  on  the  southern  of  the 
two  western  arms  of  Nuka  Bay.  This  glacier 
has  two  prominent  medial  moraijies,  which 
spread  toward  the  end  of  tlie  ice,  so  that  about 
half  of  the  frontal  edge  of  the  glacier  ia  debris- 
covered.  There  is  a  bare  zone  along  the  glacier 
front,  and  at  the  edge  of  this  z^me  is  a  forest 
that  was  invaded  by  the  ice  some  years  ago.  Part  of  the  gravel  plain 
in  front  of  the  glacier  is  forested,  a.'i  is  a  rock  ridgo  rising  out  of  the 
plain  near  the  western  part  <if  the  glacier  front.  In  places,  especiaUy 
toward  the  eastern  side  of  the  plain,  the  forest  has  been  partly 
buried  and  many  trees  have  been  killed  by  outwosh  from  the  glacier 
(PI.  XXXIX,  A).  This  probably  occurred  at  the  time  of  the  ad- 
vance marked  by  the  limit  of  the  bare  zone  along  the  ice  front. 
73740°— Bull.  I 


FKni  17.— Slu'lchmapof  front 
part ol  Yalik  <l lacier  August  1, 
1M9.     rontour  Interral,  200 
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PETROF  GLACIBB. 

The  Petrof  Glacier  ends  on  a  gravel  plain  west  of  Nuka  Island  Pas- 

eage  and  about  a  mile  from  the  sea  (fig.  18).     This  glacier  was  named 

after    Ivan    Petrof,    who    was 

special  agent  for  Alaska  of  the 

Tenth  Census  (1880). 

The  Petrof  Glacier  has  no  me- 
dial moraines ;  it  has  no  lateral 
moraine  along  its  eastern  side 
and  only  a  small  one  along  its 
western  side.  A  bare  zone  ex- 
tending along  both  the  east  and 
the  west  parts  of  the  ice  front 
has  been  encroached  upon  by 
small  vegetation  (Pb.  XXXIX, 
B,  and  XL,  A).  Two  small 
terminal  moraines  cross  the 
upper  end  of  the  gravel  flat  in 
front  of  the  glacier. 

In  front  of  the  Petrof  Glacier 
are  small  ridges,  1  to  5  feet  wide 
and  6  to  18  inches  high.  Some 
are  200  feet  in  length  (PI.  XL, 
B) .  They  run  out  from  the  ice 
front  and  in  places  cross  small 
push  moraines.  These  ridges 
m™i8-6ketcbmap»ftrontp«tc,fp.t™toi«ier  are  connected  with  radial  fissures 
Auputs,ieiM.  occupiHipoiauiDdicatodbycirctc*,    in  the  thin  edge  of  the  ice  and 

srr..Trpi";s  .r  ■ssr.js  ■  ««>  t»™«i  i>y  ■!«''"  t.uingmto 

indicalf  niull  leimmal  moraliKB.   Contour  iDtorval,     these   fisSUreS  from  the  melting 

"''  front  of  the  ice.    The  fissures 

are  widened  by  the  melting,  and  their  sides  become  sloping;  thus  the 
bottom  of  each  one  receives  most  of  the  drift  which  lies  on  the  sur- 
face of  the  ice  in  a  space  two  to  four  times  the  width  of  the  ground 
uncovered  by  the  fissure.  As  the  ice  front  retreats  the  debris  deposited 
in  the  fissures  stands  up  as  small  ridges. 

Photorraphi  of  (Uclan  of  Hake  Bkjr. 

G  M2.  MoCarty  Glacier  from  boat.    July  30,  1909. 

G143.  Here  ropnidiued  as  Plato  XXXVII,  A.  Enrt  part  ot  front  of  McOsrty 
Glat.'ier  from  point  A,  figure  13.     July  30,  1909. 

G  144.  Here  rcpwduccd  as  Piute  XXXVII,  B.  Ceutral  part  of  front  of  McCarly 
Glacier  from  poiot  A,  figure  13.    July  30, 1009. 

G  H5.  Here  reproduced  aa  Plate  XXXIX,  A.  East  part  o(  front  of  Yalik  Glacier 
born  point  A,  figure  15.     August  7,  1909. 

G  146.  Central  and  weal^ro  port  ol  bout  of  Yalik  Glacier  from  point  A,  fi^re  17. 

ifuat  7,  1909. 
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G  147.  Central  and  eastern  part  of  front  of  Petrof  Glacier  from  boat.    August  9, 1909. 

G  228.  Here  reproduced  as  Plate  XXXVIII,  .1.  West  part  of  front  of  McCarty 
Glacier  from  point  B,  figure  13.  July  30, 1009.  Point  B  is  a  small  gravelly  knoll  about 
7  feet  high;  it  is  the  nearest  to  the  sea  imd  highest  gra&sy  knoll  on  the  glacial  flat,  and 
is  a>x>ut  600  feet  north  of  the  beach. 

G  229.  West  side  of  McCarty  Cilacier  from  point  C  figure  13.  July  30,  1909.  Point 
C  is  a  small  bare  gravelly  knoll  at  the  edge  of  tlie  bare  zone  and  a  few  hundred  feet 
south  of  a  forested  rock  ridge. 

G  230.  McCarty  (ilacier  from  boat.    July  31.  1909. 

G231.  Split  Glacier  from  point  E,  figure  15.  August  2,  1909.  Point  E  is  the 
bluest  bare  rock  knob  on  the  east  side  of  the  centml  ridge  in  front  of  this  glacier. 
ThiB  point  is  marked  by  a  cross  cut  in  the  bedrock  and  by  a  cairn.  Point  E  is 
shown  in  PI.  XXXVIIl',  B. 

G  232.  Here  repnxlnccd  as  Plate;  XXIV,  B.  Split  glacier  from  point  F,  figure  15. 
August  2, 1909.  Point  r  is  the  northmost  and  highest  point  of  a  bare  gravel  ridge,  from 
which  point  there  is  a  rather  steep  descent  east  to  a  stream  leading  from  the  glacier. 

G  233.  Here  reproduced  as  Plate  XXXVIII,  B.  Split  Glacier  fn>m  point  G,  figure 
35.     August  2,  1909.     Point  G  Ls  marked  ])y  a  cairn,  and  bearing«  fn)ra  it  are  as  follows: 

(1)  N.  66°  SO'  E.  to  a  prominent  fall,  about  1.000  feet  above  the  sea,  east  of  the  glacier; 

(2)  N.  20**  30^  E.  to  the  buff-colored  cliff  on  which  is  point  E;  (3)  N.  2S°  W.  to  the 
mountain  shoulder  (appearing  as  a  sharp  peak  from  point  G),  about  1,200  feet  above 
sea  level,  above  the  west  part  of  the  front  of  the  glacier. 

G  234.  Split  Glacier  from  boat.    August  3,  1909. 

G  235.  Yalik  Glacier  from  boat.     August  6,  1909. 

G  236.  Yalik  Glacier  from  boat.    August  6,  1909. 

G  237.  West  part  of  front  of  Petrof  Glacier  from  point  A,  figure  18.  August  8, 1909. 
Point  A  is  the  top  of  a  prominent  gravel  knoll  on  the  east  side  of  the  valley,  and  bear- 
ings from  it  are  as  follows:  (1)  N.  46°  E.  to  a  brownish-pink  rock  lens  near  the  east  part 
of  the  front  of  the  glacier;  (2)  N.  65®  W.  to  the  top  of  the  prominent  mountain  which 
lies  about  a  mile  and  a  half  west  of  the  front  of  the  glacier;  (3)  S.  39°  W.  to  a  large  cleft 
in  the  north  side,  and  two- thirds  of  the  distance  to  the  top,  of  the  prominent  mountain 
(Brown  Mountain)  near  the  coast  and  south  of  the  glacial  fiat. 

G  238.  Here  reproduced  as  Plate  XXXIX,  B.  East  jmrt  of  front  of  Petrof  Glacier 
from  point  A,  figiux?  18.    August  8,  1909. 

G  239.  Here  reproduced  as  Plate  XL,  B.  Small  ridges  in  front  of  Petrof  Glacier. 
August  8,  1909. 

G  240.  Here  reproduced  as  Plate  XL,  A.  West  part  of  front  of  Petrof  Glacier  from 
point  B,  figure  18.  August  8,  1909.  From  jxnnt  B  bearings  are  as  follows:  (1)  S. 
41®  E.  to  the  south  end  of  the  timber  on  the  ridge  soutlieast  of  the  front  of  the  glacier; 
(2)  8.  29**  W.  to  the  cleft  mentioned  under  G  237;  (3)  S.  38*^  \W.  to  the  middle  and 
hi^^hest  of  the  three  sharp  conical  points  on  the  west  flank  of  Brown  Mountain. 

PORT  DICK. 

Port  Dick,  named  by  Portlock  in  1786,  is  an  cmbayment  of  con- 
siderable size  just  northwest  of  Point  Gore.  Al)out  a  mile  northwest 
of  the  head  of  the  northern  arm  ;)f  Port  Dick  is  a  small  j];lacier  which 
terminated  in  1909  about  1,000  feet  al)ove  tlie  sea.  This  is,  as  far  as 
our  knowledge  goes,  the  most  southern  glacier  on  the  Kenai  Penin- 
sula. About  3  miles  north-northeast  of  the  head  of  the  above  arm 
is  another  glacier,  which  also  drains  into  Port  Dick.  Some  of  the 
maps  *  show  a  glacier  (the  Southern)  coming  close  to  sea  level  north 

1  BaU.  U.  S.  OeoL  Survey  No.  277, 1006,  PI.  13.    Chart  U.  S.  Coast  and  Good.  Survey  No.  8502,  1907. 
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of  the  end  of  the  west  arm  of  Port  Dick  and  extending  north  to 
near  the  head  of  Tutka  Bay  of  Kachemak  Bay.  There  is  no  evi- 
dence of  a  glacier  in  the  lower  4  miles  of  the  valley  which  enters  the 
end  of  the  west  arm  of  Port  Dick  from  the  north,  and  the  stream  in 
this  valley,  as  well  as  the  stream  here  entering  Port  Dick  from  the 
west,  is  clear  and  shows  no  evidence  of  glacial  waters.  Evidently 
the  Southern  Glacier,  if  such  a  glacier  exists,  lies  entirely  northwest 
of  the  divide  between  Port  Dick  and  Tutka  Bay  and  drains  only  into 
the  latter  bay. 

KACHEMAK  BAY. 

On  the  southeastern  side  of  Kachemak  Bay  of  Cook  Inlet  are  at 
least  four  glaciers,  which  approach  but  do  not  reach  the  sea.  These 
are  the  most  westerly  glaciers  of  which  we  have  knowledge  on  the 
Kenai  Peninsula.  From  southwest  to  northeast  these  glaciers  are  the 
Southern,  which  drains  into  Tutka  Bay,  the  Doroshin,  the  Wossnes- 
senski,  and  the  Grewingk.  These  glaciers,  except  the  last,  have  not 
been  studied  and  described,  at  least  so  far  as  we  have  been  able  to 
discover.  The  Grewingk  was  visited  by  W.  H.  Dall  in  1880  and  ia 
1892  and  1895.*  The  results  of  his  mapping  of  this  glacier  were  incor- 
porated in  charts  of  the  United  States  Coast  and  Geodetic  Survey. 
Dall  again  visited  the  Grewingk  Glacier  with  Gilbert  in  1899,  and  the 
latter  has  described  this  glacier  in  detail.'  The  writers  have  not  seen 
the  glaciers  of  Kachemak  Bay. 

SUMMARY. 

Some  of  the  glaciers  here  described — the  Valdez,  the  Shoup,  the 
Columbia,  the  glaciers  of  Port  Wells,  and  the  Bear — have  been  under 
observation  at  two  or  more  times  during  a  period  of  10  years.  There 
are  practically  no  observations,  however,  fixing  definitely  the  posi- 
tions of  the  glacial  fronts  of  the  others  earlier  than  1908  or  1909,  and 
for  information  regarding  their  retreat  or  advance  recourse  must  be 
had  to  the  relations  of  their  fronts  in  1908  or  1909  to  the  surroundings 
and  especially  to  the  forest  growth  which  mantles  most  of  the  coast 
from  sea  level  to  an  altitude  of  several  hundred  feet.  Reference  is 
here  made  to  the  slow-growing  coniferous  forest  and  not  to  deciduous 
alders  and  cottonwoods,  which  in  some  places,  especially  on  sand  and 
gravel  areas,  rapidly  cover  ground  recently  abandoned  by  glaciers  or 
by  glacial  drainage.  Much  of  this  forest  consists  of  a  mature  growth 
of  large  trees  on  a  moss-and-soil  zone  of  considerable  thickness. 
Trees  1  GO  years  of  age,  and  some  probably  much  older,  are  thought  to 
be  abundant,  and  these  arc  growing  among  fallen  and  decaying  trunks 

1  DaU,  W.  H.,  Bull.  Phil.  Soc.  of  Washington,  vol.  6, 1884,  pp.  33-36;  BulL  U.  S.  Oool.  Survey  No.  84, 
1892;  Seventeenth  Ann.  Rept.  U.  S.  Gaol.  Survey,  pt.  1,  18JW,  p.  783. 

«  Qflbert,  O.  K.,  Alaska,  vol.  3,  Harriman  Alaska  Expedition,  1904,  pp.  97-102. 
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of  similar  size.  The  time  necessar)''  for  the  development  of  such  a 
mature  forest  is  undoubtedly  much  lonsjor  than  the  age  of  the  oldest 
living  trees,  and  consequently  there  seems  to  be  good  reason  to  affirm 
that  the  present  conditions  of  forest  grt)wth  were  present  toward  the 
end  of  the  eighteenth  century,  when  Cook  and  Vancouver  visited  this 
district.  The  expression  '* since  the  grow^th  of  the  present  forest/' 
which  is  here  used  of  necessity  many  times,  refers,  then,  to  an  indef- 
mite  period,  which  can  not  be  less  than  100  years,  and  wliich  in  all 
probability  is  of  several  centuries  duration. 

The  forest  undoubtedly  varies  in  age  from  jJacc  to  place  depending 
on  environment.  Our  observ^ations  lead  to  the  conclusion  that  on 
sand  and  gravel  areas  the  deciduous  forest  is  likely  to  be  established 
first,  and  that  this  first  forest  is  later  replaced  by  the  slower  growing 
conifers;  on  areas  underlain  by  till  tlio  evergreen  forest  is  sometimes 
developed  directly,  and  the  earlier  cycle  of  deciduous  growth  is 
entirely  lacking.  The  growth  of  the  coniferous  forest  and  even  tliat 
of  the  smaller  herbaceous  plants  is  a  slower  j)rocess  than  is  sometimes 
thought,  as  can  be  determine<l  from  dated  j)hotographs  showing  con- 
ditions along  the  front  of  the  Columbia  Glacier.  The  location  of  the 
forest  with  reference  to  the  open  sea  and  its  warm  moist  winds  is  also 
an  important  ecologic  factor.  The  luxiunant  forest  in  front  of  the 
Columbia,  Bainbridge,  and  Northwestern  glaciers  may,  therefore,  be 
no  older  and  may  even  be  considerably  younger  than  the  sparse, 
small,  and  stunted  forest  toward  the  heads  of  such  inlets  as  Unakwik 
Bay,  Port  Wells,  and  Icy  Bay;  indeed,  at  the  extreme  heads  of  some 
inlets  conditions  may  be  so  unfavorable  as  to  proliibit  forest  growth 
entirely. 

The  Valdez  Glacier  has  fluctuated  somewhat  since  1900,  but  its 
front  was  in  1909  not  far  from  its  position  at  the  earlier  date.  Some- 
time between  1905  and  1908  there  was  an  advance  of  300  feet  or 
more  followed  by  a  retreat.  Within  a  century  the  glacier  has  prob- 
ably been  considerably  in  advance  of  its  present  position. 

The  Shoup  Glacier  has  remained  nearly  stationary  during  tlie  last 
10  years  and  is  now  near  its  maximum  position  of  advance  in  the 
last  50  years. 

The  central  part  of  the  Columbia  Glacier  retreated  about  360  feet 
l>etween  1897  and  1905.  In  1908  it  advanced  100  feet  and  in  1909 
the  advance  was  continued  into  tlic  forest,  the  i(;e  front  reaching:  bv 
August  23,  1909,  a  point  120  feet  in  advance  of  its  maximum  of  1S07. 
In  1909  the  western  side  of  the  ice  stream  was  farther  in  advance 
than  at  any  time  since  the  growi^h  of  the  j)resent  forest.  The  maxi- 
mum recorded  on  the  eastern  side  of  the  glacier  was  perhaps  50  3"ears 
ago.  At  some  time  since  the  establishment  of  present  conditions  the 
glacier  front  has  been  considerably  farther  back,  perhaps  a  mile  or 
inore. 
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The  Meares  Glacier  changed  little  between  1905  and  1909,  during 
which  period  it  was  near  its  maximum  advance  since  the  growth  of 
the  present  forest. 

The  Yale  Glacier  has  shown  little  change  since  1899,  and  is  at 
present  about  as  far  advanced  as  it  had  been  within  the  last  50  years, 
but  before  this  period  it  was  much  further  advanced  than  now. 

The  Harvard  Glacier  showed  little  change  between  1899  and  1905, 
but  in  1909  had  advanced  half  a  mile.  This  and  the  other  glaciers 
of  College  Fiord  have  probably  been  much  larger  within  a  century. 

The  Smith  Glacier  has  advanced  about  600  feet  since  1899,  and  tlxis 
advance  probably  was  made  since  1905. 

The  Bryn  Mawr  Glacier  in  1905  was  in  approximately  the  same 
position  as  in  1899.     In  1909  it  had  advanced  about  500  feet. 

The  Vassar  Glacier  has  probably  had  the  same  history  since  1899 
as  the  Bryn  Mawr,  its  advance  since  1905  being  about  500  feet. 

The  Wellesley  Glacier  was  apparently  as  far  advanced  in  1909  as 
at  any  time  within  the  five  previous  years,  but  was  probably  more 
advanced  some  15  years  ago. 

The  Barry  Glacier  shows  more  retreat  in  the  last  10  years  than  any 
other  ice  stream  here  described.  Its  maximum  advance  since  the 
growth  of  the  present  forest  was  reached  perhaps  25  years  ago.  From 
1899  to  1905  this  glacier  retreated  1.2  miles;  from  1905  to  1908,  0.4 
mile;  from  1908  to  1909,  0.5  mile.  This  is  a  total  retreat  of  2.1  miles 
in  the  last  10  years. 

The  Serpentine  Glacier  reached  its  maximum  since  the  growth  of 
the  present  forest  a  few  years  before  1899.  In  1905  its  position  was 
approximately  the  same  as  in  1899,  but  in  1909  the  ice  front  had 
retreated  a  quarter  of  a  mile  and  was  half  a  mile  farther  back  than  the 
maximum  position  before  1899. 

The  Baker  Glacier  shows  a  small  retreat  between  1899  and  1905, 
but  in  1909  the  ice  was  probably  farther  advanced  than  foiu*  years 
earlier. 

The  Surprise  Glacier  retreated  0.1  mile  in  recent  years  before  1899. 
This  retreat  was  probably  continued  in  1905,  and  in  1909  the  glacier 
was  1.1  miles  farther  back  than  its  maximum  in  recent  years. 

The  Cataract  Glacier  has  probably  varied  little  in  tlie  last  10  years 
and  has  not  been  much  in  advance  of  its  present  position  in  the  last 
25  years. 

The  Ilarriman  Glacier  retreated  on  its  eastern  side  about  700  feet 
between  1899  and  1909,  half  of  this  retreat  taking  place  before  1905. 
The  western  side  of  the  glacier  has  changed  little  since  1899. 

The  Dirty  Glacier  was  a  little  more  advanced  in  1905  tlian  in  1909. 

The  Toboggan  Glacier  retreated  723  feet  between  1905  and  1909, 
but  at  some  period  between  these  dates  it  was  farther  advanced  than 
in  1905.     This  glacier  has  recently  reached  its  maximum  advance 

ice  the  growth  of  the  present  forest. 
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The  glaciers  of  Harriman  Fiord  have  probably  not,  within  the  last 
century  or  two,  been  verj"  much  in  advance  of  the  maxima  recorded 
on  page  70. 

The  Tebenkof  Glacier  has  retreated  a  short  distance  in  the  last  10 
or  15  years. 

The  Blackstone  Glacier  has  retreated  about  3  miles  within  the  last 
200  years  or  more. 

The  Ultramarine  Glacier  shows  some  retreat  in  the  last  few  years. 

The  NeUie  Juan  Glacier  has  in  tlie  last  20  years  or  more  retreated 
500  feet  from  its  maximum  advance  since  the  growth  of  the  present 
forest. 

The  Falling  Glacier  has  retreate^l  some  in  the  last  few  years. 

The  Taylor  Glacier  has  retreated  about  a  quarter  of  a  mile  in  the 
last  few  years. 

The  Princeton  and  Chenega  glaciers  were  in  about  the  same  position 
in  1909  a,s  in  1908.  At  some  previous  time,  witliin  100  years,  tliese 
glaciers  filled  Nassau  Fiord  out  to  Icy  Bay,  being  then  about  2  miles 
m  advance  of  their  present  positions. 

The  Tiger  Glacier  advanced  probably  100  feet  between  the  sum- 
mers of  1908  and  1909. 

The  Bainbridge  Glacier  in  1908  was  close  to  its  maximum  since  the 
growth  of  the  present  forest. 

The  Puget  Glacier  has  retreated  in  recent  years ;  before  the  retreat 
began  it  was  at  its  maximum  advance  since  the  growth  of  the  present 
forest. 

The  Elxcelsior  and  Ellsworth  glaciers  have  also  retreated  in  recent 
years. 

The  Bear  Glacier  was  essentially  in  the  same  position  in  1 909  as  in 
1905,  but  perhaps  25  years  ago  it  reached  its  maximum  advance  since 
the  growth  of  the  present  forest,  bringing  it  about  a  quarter  of  a  mile 
in  front  of  its  present  position.  At  some  date  within  25  years  the 
glacier  was  considerably  farther  back  than  it  is  at  present. 

The'Aialik  Glacier  is  now  about  a  quarter  of  a  mile  farther  back 
than  it  was  some  10  3'^ears  ago,  when  it  reached  its  maximum  \ntliin 
rw^ent  times. 

The  Pederson  Gla<'ier  some  15  years  ago  was  about  a  third  of  a  mile 
in  advance  of  its  present  position.  At  that  date  it  reached  its  maxi- 
mum since  the  growth  of  the  present  forest. 

The  Ilolgate  Glacier  has  witliin  recent  years  been  about  a  mile 
in  ailvance  of  its  present  position. 

The  Northwestern  Glacier  some  10  or  15  years  ago  was  about  a 
quarter  of  a  mile  in  front  of  its  present  position.  That  advanced 
position  is  the  maximum  since  the  growth  of  the  present  forest. 

The  McCarty  Glacier  has  retreated  about  a  quarter  of  a 'mile 
within  the  last  50  years  or  less;  at  some  time  during  that  period  it  occu- 
pied its  most  advanced  position  since  the  growth  of  the  present  forest. 
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The  SpKt  Glacier  is  now  about  a  quarter  of  a  mile  farther  back  than 
its  maximum  position  since  the  growth  of  the  present  forest. 

The  Yalik  and  Petrof  glaciers  have  also  retreated  from  their  maxi- 
mum positions  since  the  growth  of  the  present  forest. 

The  Barry,  Surprise,  Chenega,  Princeton,  and  Holgate  glaciers 
have  shown  a  considerable  retreat  within  recent  years;  the  amount 
of  this  retreat  ranges  from  a  mile  to  more  than  2  miles.  The  retreat 
of  the  Barry  and  Surprise  glaciers  has  taken  place  mainly  within  the 
last  10  years.  The  retreat  of  the  others  has  covered  a  longer  period — 
that  of  some  perhaps  50  or  more  years.  The  Columbia  and  Bain- 
bridge  glaciers  have  advanced  recently  to  their  maximum  positions 
since  the  growth  of  the  present  forest,  and  the  Harvard  Glacier  and 
the  glaciers  on  the  west  side  of  College  Fiord  have  advanced  in  the 
last  10  years,  the  main  advance  taking  place  since  1905.  Some  of  the 
glaciers  have  shown  alternate  retreat  and  advance  since  they  have 
been  under  observation,  and  very  probably  many  others  would  show 
similar  fluctuations  were  there  sufficient  data  to  reveal  them.  These 
fluctuations  take  place,  not  only  in  different  glaciers  but  also  in  differ- 
ent parts  of  the  same  glacier.  Retreats  are  easily  recognized,  but 
advances,  unless  there  are  accurate  records  of  previous  positions,  are 
difficult  to  measure  and  sometimes  to  detect;  thus  some  of  the 
glaciers  that  are  now  in  a  position  somewhat  back  of  their  maxima 
since  the  growth  of  the  present  forest  may  still  be  much  in  advance  of 
their  position  a  few  years  ago. 

The  history  of  the  glaciation  of  the  district  under  discussion  includes 
the  formation  of  an  extensive  Pleistocene  ice  sheet,  which  extended 
to  the  sea  and  reached  upward  on  the  mountains  to  altitudes  which 
decrease  toward  the  main  coast  Une  where  the  glaciation  extended 
about  2,000  feet  above  present  sea  level.  Since  this  period  of  maxi- 
mum glaciation  there  has  been  a  marked  decrease  in  the  extent  of  the 
ice-covered  areas,  until  now  only  valley  glaciers  reach  the  sea.  This 
withdrawal  of  the  ice  was  probably  punctuated  by  temporary  advances 
and  the  present  is  only  an  epoch  in  the  long  history  since  the  maximum 
Pleistocene  ^glaciation.  Earth  movements  have  also  played  a  part, 
as  yet  httle  known,  in  tliis  history;  changes  on  Prince  Wilham  wSound 
are  still  taking  place,^  and  since  the  maximum  period  of  glaciation 
there  has  been  a  considerable  sinking  of  the  coast  line  in  much  of  the 
area  and  between  Resurrection  and  Nuka  bays  there  are  numerous 
drowned  cirques.  (wSee  PI.  II,  in  pocket.)  On  the  wliole,  the  glaciers 
here  studied  do  not  give  uniform  evidence  as  to  a  general  retreat  or  a 
general  advance  witliin  tlie  last  half  century;  some  are  evidently  in 
a  period  of  retreat  and  others  in  a  j)eriod  of  advance,  and  the  general 
balance  between  retreat  and  advance  can  not  be  accurately  determined 
by  data  now  at  hand. 

»  Grant,  U.  S.,  and  Ulggins,  D.  F.,  Reconnaissance  of  the  geology  and  mineral  resources  of  Trince 
WIQiam  Sound,  Alaska:  Bull.  U.  S.  Geol.  Surv-ey  No.  44.3, 1910,  p.  17. 
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erspoon.    Contained  in  Professional  Paper  41.    Not  issued  separately. 
Controllei  Bay  region;  No.  601  A;  scale,  1:62,500;  by  E.  G.  Hamilton.     Prio 
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Preliminary  report  on  the  mineral  resources  of  the  southern  part  of  Kenai  Peninsul 

by  U.  S.  Grant  and  D.  F.  Higgins.    In  Bulletin  442, 1910,  pp.  16W78. 
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•Gold  deposits  of  the  Shumagin   Islands,  bv  G.  C.  Martin.     In  Bulletin  259,  1905. 
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The  Balboa-Herendeen  Bay  and  U nga  Island  region ;  scale,  1 :  250,000;  by  11.  M.  Eakin. 
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The  Iliamna  region;  scale,  1:250,(K)0;  by  L>.  C.  Withersptxm  and  C.  E.  GifRn.  Con- 
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205-226. 
The  Ciiile  precinct,  Alaska,  by  A.  H.  Bnwks.    In  Bulletin  31 1, 1907,  pp.  187-204. 
•The  Yukon-Tanana  r^on,  Alaska;  de.'*cription  of  the  Fairbanks  and  Rampart  quad- 
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Mineral  resources  of  the  Nulato-Council  region,  by  P.  S.  Smith  and  H.  M.  Eakin. 

In  Bulletin  442,  1910,  pp.  316-352. 
Mining  in  Seward  Peninsula,  by  F.  F.  Henshaw.    In  Bulletin  442, 1910,  pp.  35S-^71. 
Water-supply  investigations  in  Seward  Peninsula  in  1909,  by  F.  F.  Henshaw.    In 

Bulletin  442,  1910,  pp.  372^18. 
A  geologic  reconnaissance  in  southeastern  Seward  Peninsula  and  the  Norton  Bay- 
Nulato  ref^on,  by  P.  S.  Smith  and  H.  M.  Eakin.    Bulletin  449,  1911,  146  pp. 
♦Notes  on  mining  in  Seward  Peninsula,  by  P.  S.  Smith.     In  Bulletin  520,  1912,  pp. 
339-344. 
Geology  of  the  Nome  and  Grand  Central  quadrangles,  Alaska,  by  F.  H.  Moffit.    Bulle- 
tin 533,  1913,  140  pp. 
Surface  water  supply  of  Seward  Peninsula,  Alaska,  bvF.  F.  Henshaw  and  G.  L.  Parker. 
with  a  sketch  of  the  geography  and  geolog}',  by  r.  S.  Smith,  and  a  description  of 
methods  of  placer  mining,  by  Alfred  II.  Brooks;  including  topographic  ream-* 
naissance  map.    Water-Supply  Paper  314,  1913,  317  pp. 

'*  Topographic  niaps. 

The  following  maps  are  for  sale  at  10  cents  a  copy  or  $3  for  50: 

Casadepaga  quadrangle,  Seward  Peninsula;  No.  646  C;  scale,  1:62,500;  by  T.  G. 

Gerdine. 
Grand  Central  quadrangle,  Seward  Peninsula;  No.  646  A;  scale,  1:62,500;  by  T.  G..] 

Gerdine. 
Nome  quadrangle,  Seward  Peninsula;  No.  646  B:  scale,  1: 62,500;  by  T.  G.  Gerdine. 
Solomon  quadrangle,  Seward  Peninsula;  No.  646  !D;  scale,  1:62,500;  byT.  G.  Gerdine. 

The  three  following  maps  are  for  sale  at  50  cents  a  copy  or  $15  for  50: 

Seward  Peninsula,  northeastern  portion  of,  topographic  reconnaissance  of;    acftlei 

1:250,000;  by  T.  G.  Gerdine. 
Seward  Peninsula,  northwestern  portion  of,  topographic  reconnaissance  of;    Bcale, 

1:250,000;  by  T.  G.  Gerdine. 
Seward  Peninsula,  southern  portion  of,  topographic  reconnaissance  of;  scale,  1:250^ 

000;  by  T.  G.  Gerdine. 

Seward  Peninsula,  southeastern  portion  of,  topographic  reconnaissance  of;  ecalOr^ 
1:250,000.    Contained  in  Bulletin  449.     Not  published  separately. 

NORTHERN  ALASKA. 

♦A  reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska,  hy  way  of  Dall| 

Kanuti,  Allen,  and  Kowak  rivers,  by  W.  C.  Mendenhall.     Professional  Pkiper  10,] 

1902,  68  pp.    30  cents. 
*A  reconnaissance  in  northern  Alai*ka  across  the  Rocky  Mountains,  along  the  Koyukuk, 

John,  Anaktuvuk,  and  Colville  rivers,  and  the  Arctic  coast  to  Cape  Lisbum^ 

in  1901,  by  F.  C.  Schrader  and  W.  J.  Peters.     Professional  Paper  20, 1904, 139  pp^j 

40  cents. 
♦Coal  fields  of  the  Cape  Lisbume  region,  bv  A.  J.  Collier.     In  Bulletin  259, 1905,  pp,i 

172-185.     15  cents.  '  i 

♦Geology  and  coal  resources  of  Cape  Lisbume  region,  Alaska,  by  A.  J.  Collier.    Bulle*j 

tin  278,  1906,  54  pp.     15  centf^. 
The  Shungnak  region,  Kobuk  Valley,  bv  P.  S.  Smith  and  H.  M.  Eakin.     In  BulletfaKJ 

480,  1911,  pp.  271-305. 
The  Squirrel  River  placers,  by  P.  S.  Smith.     In  Bulletin  480,  1911,  pp.  306-319. 
♦Geologic  investigations  along  the  Canada-Alaska  boundarv,  bv  A.  Ct.  Maddren.     Is] 

Bulletin  520,  1912,  pp.  297-314.     50  cents. 
♦The  Alatna-Xoatak  region,  by  P.  S.  Smith.     In  Bulletin  520,  1912,  pp.  315-338.J 

50  cent.s. 
The  Noatak-Kobuk  region,  by  P.  S.  Smith.     Bulletin  536.     (In  preparation.) 

Topographic  maps. 

♦Fort  Yukon  to  Kotzebue  Sound,  reconnaissance  map  of;  scale,  1:1,200,000;  by  D. 

Reabum.    Contained  in  Professional  Paper  10.    30  cents.    Not  published 

rately. 
♦Koyukuk  River  to  mouth  of  Colville  River,  including  John  River;  scale,  1:1,200,000: 

by  W.  J.  Peters.    Contained  in  Professional  Paper  20.    40  cents.    Not  publifiheo 

separately. 
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OM  DEPOSITS  OF  THE  HELENA  MINBG  AEGION, 

MONTANA. 


BjAdolph  Knopf. 


OUTLINE   OP   REPORT. 

The  dominant  geologic  feature  of  the  Helena  mining  region  is 
the  granite  mass  which  forms  the  northern  extension  of  a  great 
intrusion  in  southwestern  Montana,  known  as  the  Boulder  batholith. 
This  body  of  granitic  rock  represents  an  invasion  of  the  upper  zones 
of  the  earth's  crust  by  an  enormous  volume  of  fluid  magma  in  late 
Cretaceous  time.  The  cover  under  which  the  granite  cooled  was 
lugej^y  stripped  off  by  the  prolonged  erosion  of  the  Tertiary  period 
and  the  granite  was  laid  bare  and  now  forms  the  predominant  muf  aoe 
lock  of  the  region. 

As  a  consequence  of  the  granite  invasion  a  series  of  ore  d&pomta, 
the  principal  source  of  the  metallic  wealth  of  the  repaa,  was  formed 
around  the  margin  of  the  granite  and  in  the  roof  rocks  overlying  it. 

The  rocks  of  the  region  may  be  broadly  subdivided  with  reference 
to  the  great  granite  mass  as  (1)  those  formed  prior  to  its  intrusioni 
and  (2)  those  formed  subsequent  to  its  intrusion — in  short,  as  pre- 
batholithic  and  as  postbatholithic  rocks.  Of  these  two  groups  the 
prebatholithic  rocks  are  the  main  repositories  of  the  ore  bodies  of  the 
region. 

The  prebatholithic  rocks  consist  principally  of  sedimentary  rocks 
which  range  in  age  from  Algonkian  to  Cretaceous.  They  include 
mainly  limestone,  shale,  and  quartzite  and  lie  in  angular  conformity 
from  the  lowermost  member  to  the  top  of  the  series.  These  rocks 
are  present  chiefly  in  the  northern  part  of  the  region.  They  are  over- 
lain by  andesite  and  latite  lavas  and  breccias  which  are  definitely 
known  to  be  post-Jurassic  and  are  probably  of  late  Cretaceous  age. 
The  andesites  and  associated  latites  are  the  youngest  rocks  intruded 
by  the  granite,  save  perhaps  a  small  area  of  thermally  metamorphosed 
sandstones  overlying  them  west  of  Helena. 

After  the  andesites  had  been  erupted  the  rocks  were  folded;  sub- 
sequently the  granite  magma  came  to  place  beneath  the  region.  The 
granite  broke  irregularly  across  the  folds  of  the  stratified  rocks,  the 
most  notable  .example  being  the  truncation  of  the  southern  limb  of 
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the  Prickly  Pear  dome.  This  is  shown  to  best  advantage  south  of 
Ileleua,  where  the  strata  dip  steeply  toward  the  batliolitli.  At 
other  locaUties,  however,  the  covering  rocks  of  the  bathoUth — prin- 
cipally andesites — dip  away  from  the  granite. 

The  granitic  rock  of  the  Boulder  batliolith  is  termed  a  quartz  mon- 
zonite  because  of  its  liigh  plagioclase  content.  It  is  composed  of 
plagioclase  (near  labradorite),  orthoclase,  quartz^  biotite,  and  horn- 
blende. As  a  whole,  the  mineral  and  chemical  composition  is 
remarkably  uniform  and  homogeneous. 

Large  intrusions  of  a])Ute  in  irregular  masses  and  dikes  are  common 
throughout  tl^e  area  of  the  batholitli  and  constitute  5  per  cent  of  its 
superficies. 

The  covering  rocks,  formuig  a  roof  of  unknown  thickness  under 
which  the  granite  came  to  plac^e,  crystallized,  and  cooled,  consisted 
principally  of  andesites  and  latites,  renmants  of  which  still  remain 
within  the  central  portion  of  the  batholith.  Tlie  most  extensive  of 
tliese  roof  remnants  is  the  large  andesitic  area  west  of  Wickos,  and 
this  has  been  the  great  repository  of  the  mineral  wealth  of  the  region. 

A  series  of  dacites,  comprising  lavas,  breccias,  and  tuffs,  locally 
2,400  feet  thick,  rest  on  the  deeply  eroded  surface  of  the  granite  and 
andesite.  In  the  southwest  comer  of  the  region  they  form  part  of  an 
extensive  area  extending  to  Butte  and  forming  Big  Butte  at  that  city. 
They  were  formed  contemporaneously  with  the  lake  beds  west  of 
Butte  and  are  of  upper  Aliocenc  age. 

Rhyolites  also  rest  on  the  eroded  surface  of  the  granite  and  the 
older  rocks.  Their  relation  to  the  dacites  was  not  determinable. 
They  were  erupted  on  a  surface  whose  reUef  was  much  like  that  of  the 
present  topography,  and  they  are  apparently  the  youngest  bedrock 
formation  in  the  region.  At  the  head  of  Tenniile  Creek,  in  the 
Kimini  district,  thej'^  have  been  minerahzed  and  constitute  low-grade 
gold  ore. 

The  ore  deposits  fall  into  two  distinct  groups,  widely  separated 
in  time  of  origin.  The  older  are  late  Cretaceous  or  early  Tertiary  in 
ago,  tlie  younger  are  post-Miocene. 

Tlie  older  ore  bodies  are  mainly  silver-lead  and  gold-silver  deposits. 
In  metallic  content  tliey  contrast  strongly  with  the  ores  of  the  near-by 
Butte  district,  which  are  predominantly  copper  ores,  although  for- 
merly silver  ores  were  of  importance.  The  scarcity  of  cop])er  deposits 
in  tl)c  Helena  region  is  a  notable  feature,  doubly  so  from  the  fact  that 
the  deposits  belong  to  the  same  metallogenetic  province  as  those  of 
Butte,  being  formed  at  approximately  the  same  time  and  presumably 
from  the  same  magma. 

The  ore  bodies  of  the  older  group  have  furnished  the  greater  part  of 
the  production  of  the  region;  in  fact,  the  value  of  their  output  has 
been  roughly  three  times  that  of  the  post-Miocene  deposits. 
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The  silver-lead  deposits  constitute  the  prevailing  type  of  ore  body  of 
the  Cretaceous  deposits.  They  are  commonly  situated  near  the  contact 
of  the  granite  and  the  rocks  invaded  by  it.  Hence,  as  a  rule,  they  are 
inclosed  in  andesite  or  granite.  The  ore  bodies  are  replacement- 
fissure  lodes  containing  galena,  sphalerite,  pyrite,  and  arsenopyrite. 

The  older  ore  bodies  are  commonly  tourmaline  bearing.  In  certain 
deposits,  as  at  Rimini,  tourmaline  is  extremely  abundant;  in  fact,  it 
is  there  developed  in  the  same  abundance  that  characterizes  the  tin 
lodes  of  Cornwall.  The  premier  ore  deposit  of  the  region — the  Alta, 
credited  with  an  output  of  $32,000,000  in  silver-lead  ore — shows 
notable  tournialinization.  Three  types  of  tourmalinic  lodes  with 
transitions  between  them  are  recognized  -lead-sUver,  copper-sUver, 
and  gold.  The  predominant  type  is  the  tourmalinic  lead-silver,  a 
type  that  is  unique,  as  far  as  shown  by  the  literature  of  ore  deposits. 

The  extreme  depth  to  which  any  of  these  deposits  has  been  worked 
is  1,200  feet.  At  Rimini,  where  the  extreme  depth  attained  below 
the  present  surface  is  only  600  feet,  it  is  probable  that  this  depth  is 
2,000  feet  below  the  intrusive  contact  surface  of  the  granite. 

The  ores  were  formed  at  high  temperatures,  and  it  is  regarded  as 
probable  that  the  ore-forming  solutions  were  derived  from  a  final 
diiferentiato  of  the  quartz  monzonite  magma. 

The  post-^Cocene  ore  bodies  are  essentially  precious-metal  de- 
posits. They  are  characterized  by  the  tendency  of  the  quartz  gangue 
to  display  a  cryptocrystalUne  development,  either  flinty,  chalcedonic, 
or  densely  saccharoidal,  resembling  porcola'm.  Equally  characteris- 
tic is  the  thinly  lamellar  calcite  of  the  gangue  and  its  pseudomorphic 
replacement  by  quartz,  forming  a  type  of  ore  common  in  so  many  of 
the  late  Tertiary  gold  fields  of  the  West.  These  deposits  are  typi- 
cally developed  in  the  upper  Miocene  dacilos  of  Lowland  Creek,  but 
tlieir  analogues  at  Mar}^s\dlle,  wliich  have  yielded  830,000,000,  liave 
furnished  the  bulk  of  the  output. 

The  extreme  depth  attained  on  veins  of  this  chiss  is  1,600  feet,  at 
the  Drumlununon  mine,  where  the  lode  was  found  to  be  barren  below 
the  1,000-foot  level,  and  the  greater  part  of  the  production  has  cuiue 
from  above  the  500-foot  level. 

In  early  clays  the  inos  of  the  district  furnished  extremely  rich 
surface  ores.  The  evidence,  although  inadequate,  suggests  that  the 
richness  of  the  ores  was  due  lart2:ely  to  nieehanical  concentration  and 
to  the  elimination  of  worthless  and  objectionable  constituents.  In 
depth  an  objectionable  amount  of  zinc  in  the  form  of  s])halerite  ap- 
pears in  many  mines,  but  in  the  carbonate  ores  formerly  worked  the 
sphalerite  had  been  oxidized  and  removed  in  solution.  Secondary 
enrichment,  especially  such  as  has  led  to  the  production  of  great 
bodies  of  copper  ore,  has  taken  place  nowhere  in  the  region.  The 
MaxysyiUe  district  is  possibly  an  exceptioni  for  the  ore  bodies  there 
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may  have  been  enriched  in  gold  by  descending  solutions;  the  evidence, 
however,  is  not  concluaive,  and  the  indications  are  that  the  impov- 
erishiaent  in  depth  was  due,  in  part  at  least,  to  failure  in  the  primary 
metallization. 

GEOGRAPHY. 


UXJATION  OP  1 


'.   BIIGION. 


The  Helena  mining  region,  as  it  is  termed  in  this  report,  is  an  area 
of  1,300  square  miles  in  southwestern  Montana.  A  large  numbei  of 
mining  camps  are  includeil  in  the  continea  of  this  area,  among  which, 


in  point  of  produclioii,  Klkhorn  and  Mtiivsviiio  me  the  most  impor- 
tant. Helonu.  liowcvcr,  is  liy  far  the  laifrcst  nnd  bi'st  known  citj' 
in  llic  rct:ioii,  nml  iilllumyli  il  l(int<  ago  yicMed  pri'cnunenoe  to  other 
Idealities  as  a  iiiiniii};  center,  it  is  perliapH  slill  jippr-o[>riate  to  speak 
of  this  as  llie  Helena  niinin<!;  ret^ion.  for  ii  whs  llie  discovery  ()f  the  ox- 
Iraoi'dijuirily  rich  placci-s  at  I^ast  C'liance,  where  Helena  now  stands, 
(but  led  to  the  develupnient  of  the  mineral  weullh  of  the  surrouuding 
territory. 

Tlie  Murysvillo  itiiiiint!  district  is  situated  in  tlie  northwest  comer 
of  llie  re<;ton,  iClkhorn  lie^t  in  the  soutbt-ust  corner,  and  the  southweat 
cumei'  is  14  miles  north  of  Butte. 
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The  area  lies  within  the  rectan^e  formed  by  parallels  46^  12'  and 
46""  48'  north  latitude  and  meridians  111''  50'  and  112''  30'  west 
longitude.  It  includes  portions  of  the  Helena  and  the  adjoining  Fort 
Logan  quadrangles,  and  accordingly  does  not  form  a  regular  quad- 
rangle of  the  G^logical  Survey. 

A  large  part  of  the  area  lies  within  Jefferson  County,  a  part  within 
Lewis  and  Clark  County,  and  that  part  west  of  the  Continental  Divide 
in  Powell  County.  A  considerable  number  of  organized  and  unor- 
ganized mining  districts  are  included  in  the  region,  but  these  subdi- 
visions are  no  longer  well  known  nor  employed  frequently  in  local 
usage,  so  they  will  not  be  used  in  this  report. 

The  region  is  traversed  from  east  to  w^est  by  the  main  Une  of  the 
Northern  Pacific  Railway  and  from  north  to  south  by  the  Havre- 
Butte  branch  of  the  Great  Northern  Railway;  branch  Unes  of  the 
Northern  Pacific  extend  to  the  mining  camps  of  Marysville,  Rimini, 
and  Elkhom,  so  that  in  comparison  w^ith  most  mining  regions  it  is 
unusually  well  favored  with  transportation  facilities.  Good  wagon 
roads  render  nearly  every  part  of  the  area  readily  accessible. 

PHYSICAL  FBATTJBE8. 

The  region,  broadly  considered,  is  mountainous  and  has  a  consid- 
erable and  abrupt  relief.  The  western  portion  constitutes  the  broad 
back  of  the  Continental  Divide,  which  here  averages  7,000  feet  in 
altitude.  The  topography,  however,  is  neither  rugged  nor  alpine, 
but  is  characterized  by  smoothly  rounded  profiles,  due  to  the  prev- 
alence of  domelike  summits. 

Red  Mountain,  14  miles  southwest  of  Helena,  is  the  highest  moun- 
tain in  the  northern  part  of  the  region;  it  attains  an  altitude  of  8,200 
feet,  and  its  broad,  rounded  summit  looms  up  above  its  fellows  for 
many  miles  around.  The  Elkhorn  Mountains,  on  the  eastern  side 
of  the  region,  are  separated  from  the  mountainous  country  on  the 
west  by  the  broad  Boulder  Valley.  The}^  are  the  highest  mountains 
in  the  region,  Elkhorn  and  Crow  peaks  reaching  a  height  of  9,300  feet. 
On  the  northeast  flanks  of  these  peaks  are  a  series  of  finely  devel()i)ed 
glacial  amphitheaters,  whose  sheer  walls  and  heavy  talus  slopes  make 
this  the  most  rugged  part  of  the  area. 

The  largest  stream  is  Boulder  Kiver,  flowing:  across  the  southern 
part  of  the  region  from  west  to  east  in  a  narrow  valley  deeply  sunk 
between  the  surrounding  mountains.  On  the  east  this  valley  opens 
out  abruptly  into  the  broad  valley  at  Boulder;  on  the  west  beyond 
Bemice  it  again  broadens  and  shows  a  line  series  of  terraces,  the 
highest  250  feet  above  the  stream.  The  irregular  mountainous  area 
through  which  Boulder  River  flows,  and  whieh  forms  the  larj^or 
part  of  the  area  concerned  in  this  report,  is  sometimes  known  as  the 
Boulder  Mountains. 
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Missouri  River  crosses  the  extreme  northeast  corner  of  the  r^on. 
Its  principal  tributaries  are  Prickly  Pear,  Tenmile,  and  Silver  creeks 

The  most  important  stream  west  of  the  Continental  Divide  is  Little 
Blackfoot  River,  which  flows  westward  bevond  the  confines  of  the 
region,  joining  Clark  Fork  at  Garrison.  The  Northern  Pacific  Rail- 
way in  crossing  the  Continental  Divide  eastward  ascends  the  valley 
of  the  Little  Blackfoot  to  EllLston,  and  thence  parallels  an  affluent 
from  the  northeast.  The  ascent  is  gradual  through  a  comparatively 
broad  and  open  valley  bordered  by  smooth,  rounded  hills.  Near 
Mullan  Pass,  at  the  mouth  of  Dr)g  Creek,  there  is  a  wide  expanse  of 
flat,  so  that  it  is  difTicult  to  realize  that  this  is  the  summit  of  the 
Rock\'  Mountains. 

CLIMATE. 

The  climate  is  semiarid,  the  annual  precij)itation  ranging  from  10  to 
13  inches.  The  summers  are  warm  and  pleasant;  the  winters  are 
comparatively  mild,  despite  the  altitude  and  inland  position  of  the 
region.  The  winter  weather  is  ameliorated  hy  the  warm  chinook 
wind  that  blows  from  the  northwest :  snow  does  not  cover  the  ground 
in  the  open  valleys  during  long  periods,  but  disappears  before  the 
chinook. 

The  important  climatic  elements  are  given  in  the  subjoined  tables.^ 

Monthly  and  annual  precipitation^  in  inches^  in  the  Ifrlenn  region,  Montawi,   • 
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HISTORICAL    SKETCH    OF    MINING. 

The  first  important  find  of  metallic  wealth  in  Montana  was  th(>  dis- 
covery of  placer  gold  at  Bannock  in  1862.  In  the  following  year 
the  far  greater  discovery  at  Alder  Gulch  was  made,  and  from  thia 
stream  was  taken  within  the  next  three  years  $30,000,000.  The 
extraordinary  richness  of  these  placers  immediately  attracted  a  lai^e 
population,  and  so  strong  was  this  influx  that  within  18  months  a 
town  of  10,000  people  sprang  up,  which  was  named  Virginia  City. 
Alder  Creek  was  the  longest  and  most  productive  creek  ever  discov- 
ered in  Montana;  20  miles  of  stream  bed,  comprising  about  1,000 
claims,  were  worked  and  yielded  a  profit  at  a  time  when  wages  were 
from  $10  to  $14  a  day. 

Montana  was  aoon  overspread  by  eager  prospectors,  and  in  the  next 
few  years  all  the  important  placers  were  discovered.  Last  Chance, 
on  the  present  site  of  Helena,  was  located  in  the  summer  of  1864.  This 
was  the  first  important  discovery  in  the  region  that  is  the  subject  of 
thia  report.  The  Whitlatch-Union  vein,  carrying  rich  gold  ore,  was 
found  a  few  miles  south  of  Helena  in  September  of  the  same  year. 
Lode  and  placer  discovery  were  thus  contemporaneous.  The  finding 
of  gold  in  place  caused  a  quartz  excitement  which  stimulated  prospect- 
ing all  over  the  Territory, 

Last  Chance  yielded  $16,000,000,  the  bulk  of  which  was  taken  out 
before  1868.  Many  streams  in  the  vicinity  of  Helena  were  also  found 
to  be  auriferous — Prickly  Pear  Creek,  Nelson  Gulch,  Silver  Creek,  and 
others.  In  fact  some  of  these  prior  to  the  discovery  of  Last  Chance 
had  been  found  to  contain  placer  gold.  Prickly  Pear  Bars,  a  few 
miles  east  of  the  site  of  Helena,  were  found  to  be  auriferous  in  August, 
1S62,  and  led  within  a  few  months  to  the  discovery  of  gold  on  Silver 
Creok.  Here  Silver  City  was  founded,  which  became,  before  Last 
Chance  was  organized,  the  political  and  commercial  center  of  Lewis 
and  Clark  County. 

West  of  the  Continental  Divide  placei-s  were  found  in  1S65  at  Ophir 
Creek,  Carpenter  Bar,  and  Snowshoc,  small  affluents  of  Little  Black- 
foot  River  from  the  north.  Here  sprang  up  Blackfoot  City  (now 
caUcd  Ophir),  which  has  long  ago  lapsed  into  decay.  By  1875  the 
diggings  had  been  abandoned  to  Chinese.  In  1911,  however,  the 
gravels  at  the  mouth  of  Snowshoe  Gulch  were  tested  for  their  possi- 
bility as  dredging  ground. 
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The  silver-lead  ores  and  true  silver  ores  in  the  vicinity  of  Wickes, 
Jefferson,  and  Clancy  were  discovered  simultaneously  with  the  finding 
of  the  placers!  The  Gregory  lode,  one  of  the  earliest  finds,  was  located 
in  1864  by  a  party  going  from  Alder  Gulch  to  Helena.  An  American 
hearth  was  erected  here  in  1867  to  smelt  the  ore;  this  was  the  second 
smelter  established  in  Montana,  the  first  being  that  built  at  Argenta. 

The  great  need  of  the  Territory  at  this  time  was  an  adequate  trans- 
portation system,  with  rail  connection  with  the  centers  of  civilization. 
By  1870  the  placers  had  been  largely  exhausted  and  a  period  of  stag- 
nation set  in,  for  lode  mining  was  not  likely  to  flourish  when  high 
freight  charges  consumed  the  profits.  According  to  the  historian 
Bancroft,  *' Freights  during  the  first  decade  were  enormous,  costing 
the  country  between  a  million  and  a  half  and  two  millions  annually, 
even  after  the  population  had  shrunk  to  18,000."  The  chief  over- 
land transportation  route  was  Missouri  River,  by  which  steamers 
could  reach  Fort  Benton,  150  miles  from  Helena,  during  high-water 
stages.  But  this  period  of  high  water  lasted  only  4  to  6  weeks,  and 
steamers  were  often  forced  by  low  water  to  stop  at  Fort  Union,  at  the 
mouth  of  the  Yellowstone.  On  the  completion  of  the  Union  Pacific 
Railroad  in  1869  much  of  the  traffic  was  diverted  to  this  route, 
Corinnc  in  Utah,  being  the  initial  point  for  freight  bound  for  Montana. 
In  addition  to  the  handicap  of  high  transportation  charges  most  of  the 
ores  were  of  the  kind  that  required  expensive  metallurgic  treatment. 
Under  these  adverse  conditions  only  the  richest  ores  could  be  worked. 
The  ores  were  either  hauled  to  Fort  Benton,  thence  sent  to  the  sea- 
ports, and  shipped  to  Swansea,  Wales,  or  were  hauled  by  wagons  to 
Corinne  on  the  Union  Pacific  Railroad,  a  distance  of  450  miles,  sent  to 
San  Francisco,  and  shipped  to  Europe. 

The  Northern  Pacific  Railwav  reached  Helena  in  1883,  the  first 
train  crossing  the  Continental  Divide  west  of  Helena  on  August  7, 
18S3,  and  the  golden  spike  signalizing  the  completion  of  the  overland 
road  was  driven  on  September  8,  1.SS3,  near  Garrison. 

The  advent  of  the  railroad  exerted  a  strong  stimulus  on  the  mining 
iiulustrj'.  During  the  latter  part  of  18S3  the  Helena  &  JelFerson  Kail- 
road  was  built.  This  is  now  part  of  the  Great  Falls  ])ranch  of  the 
Great  Northern  Railway  and  connected  Helena  and  Wickes,  a  distance 
of  20  miles.  In  the  same  year  the  Helena  Mining  &  Ri^duction  ('o. 
acciuired  by  purchase  from  the  Alt  a  Montana  Minin^]:  Co.  the  Alta, 
Gomet,  and  other  well-known  mines  near  Wickes.  The  smelter  at 
Wickes  was  rebuilt  and  enlanrtMl,  so  that  it  was  for  some  vears  the 
most  extensive  reduction  i)lant  in  Montana  and  drew  ores  from  a  large 
radius,  even  as  far  as  the  (Veur  d'Alene  district.  In  lsi)3  it  was  shut 
down  and  dismantled.  TIk^  sanu^  fate  has  overtaken  the  many  small 
smelters  built  at  the  various  mines  throughout  the  region,  so  that  now 
the  only  smelter  in  operation  is  the  East  Helena  plant  of  the  American 
Smelting  &  Refining  Go. 
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The  period  from  1883  to  1893  comprises,  the.  years  during  which  the 
bulk  of  the  silver-lead  ore  was  produced.  Tlie  lode  gold  of  the  region 
has  come  mainly  from  the  Marysville  distriot".  *  Mining  flourished 
there  principally  from  1880  to  1900,  although  during  the  latter  part 
of  the  period  the  yield  came  largely  from  the  cyanidation  of  tailings 
piles. 

PRODUCTION, 

The  total  production  of  the  region,  including  the  yield  from  silver- 
lead  ore,  placer  gold,  and  lode  gold,  is  not  accurately  ascertainable 
but  is  roughly  in  the  neighborhood  of  $150,000,000.  The  estimates 
of  placer  production  are  particularly  unsatisfactory,  and  for  many  of 
the  streams  no  data  are  available.  Tlio  output  of  Last  Chance,  the 
most  productive  of  the  pla(!ers,  is  estimated  in  widely  difToront 
amounts  by  different  writers,  ranging  from  SI  0,000,000  to  $35,000,000. 
Bancroft's  estimate  of  $16,000,000  is  accepted  here. 

The  total  output  is  distributed  as  follows:  Silver-lead,  $80,000,000; 
lode  gold,  $40,000,000 ;  and  placer  gold,  $30,000,000.  Of  these  figures 
probably  that  for  lode  gold  is  entitled  to  the  most  confidence. 

During  1910  the  total  production  from  the  deep  mines  of  the 
region,  as  compiled  from  Mineral  Resources  of  the  United  States  for 
1910,  was  $997,359.  Of  this  amount  gold  represented  $275,134,  and 
silver,  lead,  and  copper  the  remainder.  The  Elkhom  district  fur- 
nished the  preponderant  part  of  the  production — $652,738.  Placer 
mining  in  the  region  is  now  insignificant,  and  in  1910  yielded  only 
$4,312. 

The  total  production  for  1911  was  $864,050,  of  wliich  gold  consti- 
tuted $267,914. 

The  following  table  shows  that  in  recent  years  the  production  of  the 
region  has  fluctuated  around  $1,000,000. 

Production  of  the  Helena  mining  region,  Montana. 

1906 $917, 165 

1907 1, 617,  379 

1908  1 , 1 1 8, 884 

1909 90S,  044 

1910  997, 359 

1911 864. 050 

FIELD   WORK   AND  ACKNOWLEDGMENTS. 

Field  work  was  commenced  at  Helena  on  June  20  and  completed 
September  24,  1911.  While  tliis  work  was  carried  on,  the  writer 
was  efficiently  assisted  by  Henry  0.  Ferc^uson,  to  wliom  fell  most  of 
the  task  of  mapping  the  areal  geology  of  the  region.  The  exami- 
nation of  the  mines  and  prospects  was  undertaken  mainly  by  the 
writer. 
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During  the  preparatioo*'^».ihi8  report  in  the  office  the  writer  has 
availed  himself  of  cdr^aiiv  fcoUections  of  rocks  ores,  and  thin  sec- 
tions from  El]«hi>fnV'*Mar7sville,  and  the  Boulder  quadrangle, 
which  had  been-gi^thered  by  W.  H.  Weed  and  Joseph  Barrell  for  the 
United  ^t^tei^  Geological  Survey  and  are  now  deposited  in  the  United 
Stat^.^jiiional  Museum.  Some  of  the  mines  from  which  they  had 
.cdlloct^  specimens  are  no  longer  accessible,  and  such  specimens  were 

>^flen  found  to  be  of  much  value  for  comparative  purposes. 

• 

lilTBRATURE. 

The  following  list  includes  the  principal  papers  bearing  on  the 
geology  and  ore  deposits  of  the  region.  The  literature  concerning 
the  ore  deposits  is  scanty  and  is  Umited  to  papers  on  the  Elkhom  and 
Marysville  districts. 

Bancroft,  H.  H.,  Uistory  of  Washington,  Idaho,  and  Montana,  184S>1889,  San  Fran- 
cisco, 1890. 

Gives  an  interesting  account  of  the  history  of  Montana  and  much  valuable 
information  concerning  the  growth  of  the  mining  indu8tr>'. 
Barrell,  Joseph,  Microscopical  petrography  of  the  Elkhom  mining  district,  Jefiferson 
Ck>unty,  Mont.:  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2,  1901,  pp. 
511-549. 

The  physical  effects  of  contact  metamorphism:  Am.  Jour.  Sci.,  4th  ser.,  vol. 

13,  1902,  pp.  279-296. 

A  theoretical  discussion  of  contact  metamorphism,  based  largely  on  the  phe- 
nomena at  Elkhom,  Mont. 
-^—  Geology  of  the  Marysville  mining  district,  Mont. ;  a  study  of  igneous  intrusion 
and  contact  metamorphism:  Prof.  Paper  U.  S.  Geol.  Survey  No.  57,  1907,  178  pp. 
As  indicated  by  the  subtitle,  this  report  deals  mainly  with  the  phenomena  of 
igneous  intrusion  and  contact  metamorphism  exhibited  at  Mar^'sville;  it  presents 
the  strongest  detailed  evidence  in  favor  of  the  magmatic  sloping  hypothesis  yet 
published. 

Relative  geological  importance  of  continental,  littoral,  and  marine  sedimenta- 


tion: Jour.  Geology,  vol.  14,  1906,  pp.  553-560. 
It  is  argued  that  the  Belt  series  of  Montana  is  laigcly  of  terrestrial  origin. 
Clayton,  J.  E.,  The  Drumlummon  group  of  veins  and  their  mode  of  formation :  Eng. 
and  Min.  Jour.,  vol.  46,  1888,  pp.  85-86,  106-108. 
An  able  study  of  the  fltructural  features  of  the  Drumlummon  lode. 
Griswold,  L.  S.,  The  yeolo^y  of  Helena,  Mont.,  and  vicinity:  Jour.  Assoc.  Eng.  See., 
vol.  20,  1898,  pp.  51-C8. 

A  careful  dcsmption  of  the  character  and  distribution  of  the  rocks  at  Helena, 
accompanied  by  a  tjeolngic  map. 
Keyes,  W.  S..  Mineral  resourcos  of  the  Territory  of  Montana:  Minonil  Resources  of  the 
States  and  Torritoriod  wo8t  of  the  llocky  Mountains,  186S,  Appendix,  pp.  38-56. 
(Jives  iniuiy  vjiluablr  facts  coucoming  the  early  niiianL'  liistorj-. 
Lkeson,  M.  a..  History  of  Montana.  1739-1^85.     Chicago,  Iss:.,  l:U>7  pp. 

Gives  niucli  detailed  information  concerning  the  eott lenient  and  historj'  of  the 
mining  camps. 
LiNDOREN,  Waldkmar.  Relation  of  the  coal  of  Montana  to  the  older  rocks;   Ap- 
pendix B,  Eruptive  rocks:  Tenth  Census,  vol.  15,  1886,  pp.  733-734. 
Concludes  that  the  intrusive  granite  at  Mullan  Pass  is  of  Jurassic  age. 
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Stone,  R.  W.,  Geologic  relation  of  ore  deposits  in  the  Elkhom  Mountains,  Mont.: 
Bull.  U.  S.  Geol.  Survey  No.  470,  1911,  pp.  75-98. 
Deals  principally  with  the  area  east  of  that  concerned  in  this  report. 
Walcott,  C.  D.,  Pre-Cambrian  fossiliferous  formations:  Bull.  Geol.  Soc.  America,  vol. 
10,  1899,  pp.  199-244. 

In  this  paper  are  given  the  type  descriptions  of  certain  divisions  of  the  Belt 
series. 
Weed,  W.  H.,  Granite  rocks  of  Butte,  Mont.,  and  vicinity:  Jour.  Goolc^y,  vol.  7, 
1899,  pp.  737-750. 

The  Boulder  batholith  is  defined  in  this  paper,  and  chemical  analyses  of  the 
rock  from  different  localities  are  pivon. 

Mineral  vein  formation  at  Boulder  Hot  Springs,  Mont.:   Twenty-first  Ann. 

Kept.  U.  S.  Geol.  Survey,  pt.  2,  1900,  pp.  227-255. 

It  iji  shown  that  the  hot  waters  are  forming  veins  filled  with  quartz,  stilbite,  and 
calcitc,  and  containing  small  but  appreciable  amounts  of  gold  and  silver. 

Geology  and  ore  deposits  of  the  Elkhom  mining  district,  Jefferson  County, 

Mont.,  with  an  appendix  on  the  microscopical  petrography  of  the  district,  by 
Jaseph  Barrell:  Twenty-second  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2,  1901,  pp. 
399-5-19. 

Gold  mines  of  the  Mary8\'ille  district,  Mont.:  Bull.  V.  S.  Geol.  Survey  No. 

213,  1903,  pp.88-«9. 
Outlines  briefly  8ome  of  the  salient  features  of  the  gold  veins  at  Mar>'sville. 
Geology  and  ore  deposits  of  the  Butte  district,  Mont.:  Prof.  Paper  U.  S.  Geol. 


Survey  No.  74,  1912,  pp.  26-30. 

Gives  a  geologic  reconnaissance  map  of  the  area  underlain  by  the  Boulder  batho- 
lith and  a  brief  deflcription  of  the  general  geology. 
WiNCHELL,  H.  V.  and  A.  N.,  Notes  on  the  Blue  Bird  mine:  Econ.  Geology,  vol.  7, 
1912,  pp.  287-294. 

Attention  is  called  to  the  tourmaliniferous  character  of  the  ore,  and  various, 
rocks  occurring  at  the  mine  are  described  petrographically. 

GENERAL    GEOLOGY. 
CHABACTEB  AND  DISTBIBUTION  OF  THE   ROCKS. 

Sedimentary  rocks  occur  in  the  main  only  in  the  northern  part  of 
the  region.  They  consist  for  the  most  part  of  an  apparently  con- 
formable succession  of  limestone,  shale,  sandstone,  and  quart zite, 
ranging  in  age  from  Algonkian  to  Cretaceous.  At  certain  localities 
deposits  of  poorly  consolidated  clays,  gravels,  and  tuffs  of  Tertiary 
age — so-called  lake  beds — rest  unconformably  on  the  older  rocks. 

The  prevailing  rocks  of  the  region  are  igneous  -  andesite  and  latite, 
quartz  monzonite  and  aplite,  dacito,  and  rhyolite.  Of  theso  tlie 
quartz  monzonite  predominates;  it  is  of  intrusive  origin  and  invades 
all  the  rocks  older  in  age  than  the  lake  beds.  The  other  igneous 
rocks,  except  the  aplite,  which  is  closely  associated  witli  tho  quartz 
monzonite,  are  of  extrusive  origin  and  form  thick  stratiform  scries 
of  lavas,  tuffs,  and  breccias.  The  andesites  and  latites  are  older  than 
the  quartz  monzonite,  and  the  dacites  and  rhyohtes  are  yomiger. 


20  ORE  DEPOSITS  OF  HELENA  MINING   BEGION,   MONTANA. 

The  distribution  of  these  rocks  is  shown  on  the  geologic  map  form- 
ing Plate  I  of  this  report.  The  small  scale  of  the  map — 1 :  250,000  or 
appn)ximatcly  4  miles  to  1  inch — allows  the  broader  features  only 
to  be  shown.  It  is  believed  that  for  the  greater  part  of  the  area  the 
boundaries  of  the  geologic  formations  as  given  are  accurate  to  scale. 
An  earlier  geologic  map  of  a  portion  of  this  region,  based  on  recon- 
naissance work,  ap{>eared  as  Plate  I  in  the  rei)ort  on  the  Butte  dis- 
trict.' In  that  map,  while  in  press,  certain  new  data  obtained  during- 
the  present  investigation  were  incorporated,  witli  Mr.  Weed's  con- 
currence, but  the  older  map  was  not  completely  revised. 

Plate  VII  (p.  86)  of  this  report  shows  the  area!  geology  of  Helena 
and  vicinity  on  a  scale  of  1:62,500.  This  map  was  prepared  by  Mr. 
Weed  and  his  assistants,  and  is  published  for  the  first  time  in  thi| 
report  in  order  to  show  the  detailed  distribution  of  the  rocks  in  a 
district  which  is  highly  interesting  geologically — details  necessarily 
lost  on  the  small-scale  maj)  of  Plate  I. 

PBOTEROZOIC  BOCKS. 
ALGONKIAN   SYSTEM. 

BELT  SERIES. 

The  oldest  rocks  of  the  region  are  a  series  of  limestones  and  shi 
known  collectively  as   the  Belt  series.     Walcott  recogniases 
formations,  aggregating  at  the  maximum  12,000  feet  in  thicknt 
The  rocks  occupy  a  large  area  in  the  northern  part  of  the  region 
this  report,  but  only  the  four  uppermost  formations   are  pi 
These  in  ascending  order  are  known  as  the  Spokane  shale,  Empi] 
shale,  Helena  limestone,  and  Marsh  shale.     At  Helena  these  atl 
a  thickness  of  3,300  feet,  of  which  the  Helena  limestone  makes  ui 
2,400   feet,    increasing   to   4,000   feet   at   Marysville,    according 
Barrell. 

In  the  j)resent  mapping  no  attempt  was  made  to  differentiate  th^ 
various  formations  of  the  Belt  series,  and  all  rocks  below  the  Flat- 
head cjuartzite  were  niapi)ed  under  the  same  symbol.     They  are  th© 
rocks  termed  by  W.  M.  Davis  "the  barren  slates,  shales,  and  sand- 
stones/' encountc^red  in  tlie  area  between  Helena  and  Mullan  Pass 
on  the  Continental  Divide  and  refrarded  as  of  pr()l)al)le  Cambrian  age.' 
Thev  were  assij^ned  to  the  Al^xonkian  svst<'ni  hv  Walcott,  who  believoH 
that   the   uneonformity   at    the   base   of   tli(»    Flathead   quartzite  of 
Middle  Cambrian  ap*  is  of  suflieient  niaj^nitiule  to  justify  the  placing 
of  the  Belt  series  in  the  |)re-Canihrian. 

>  Weed.  W.  H.,  (Jcolojjy  and  ore  doposit6  of  the  Biitlo  district,  Mont.:  Prof.  I'aper  U.  S.  QtoL  Survty 

No.  71.  I'M". 
"  ToiiUi  I  t«ii>;iis,  vol.  l.>,  1©!jO,  p.  703. 
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PALEOZOIC  BOCKS. 
CAMBRIAN    AND   DEVONIAN    SYSTEMS. 

The  Paleozoic  rocks  below  the  Madison  Uniestonc  (MLssLssippian, 
or  lower  Carboniferous)  comprise  a  conformable  scries,  consisting 
dominantly  of  limestones,  with  some  shak>  and  quartzite.  The 
aggregate  thickness  is  estnnated  to  be  2,300  feet  and  inchides  rocks 
of  Cambrian  and  Devonian  ag(»s.  Owing  to  tlie  fact  that  the  forma- 
tions, except  the  Flatliead  quartzite,  are  not  readily  (IL^criminable 
througliout  the  region  the  Paleozoic  rocks  below  the  Madison  Hme- 
stone  liavo  been  mapped  as  a  unit. 

The  lowest  fonnation  of  the  PakH)zoic  is  a  persistent  and  easily 
recognizable  series  of  quartzites,  known  as  tlie  Flathead  quartzite. 
It  consists  of  a  highly  lithified,  vitreous,  coarse  siliceous  quartzite, 
stratified  in  beds  commonly  exceeding  1  foot  in  tliickness.  It  Is 
normally  white,  but  in  weathering  takes  on  characteristically  a  red 
tint  and  in  places  displays  cross-bedding.  The  thickness  of  the  quartz- 
ite ranges  from  SO  to  180  feet. 

The  Flathead  quartzite  forms  pronunent  outcrops  and  is  well 
exposed.  The  contact  with  tlie  underlyhig  Belt  series  can  be  traceci 
mile  after  mile  northwest  from  Helena;  it  was  found  tliat  the  quartz- 
ite rests  on  the  subjacent  rocks  in  strict  angular  accordance.  In  some 
places  it  overlies  the  Helena  limestone,  in  others  the  Marsh  shale. 
The  basal  portion  of  the  quartzite,  nowhere  more  than  a  few  feet 
thick,  is  slightly  conglomeratic,  the  kind  of  pebbles  composing  it 
varying  witli  the  character  of  the  underl^nng  rocks.  It  is  believed  by 
Walcott  that  several  thousand  feet  of  strata  were  removed  before  the 
Flathead  was  laid  down,  and  tliis  Is  held  to  ])rove  that  a  profound 
unconformity  separates  the  Flathead  from  the  underlyinj^  Belt  series. 

Above  the  quartzite,  which  is  so  prominent  a  lioiizon  marker,  is 
a  great  thickness  of  limestone  strata,  witli  intei-stratificMJ  sliah^  of 
Cambrian  and  Devonian  age.  Details  concern inji;  tliese  rocks  are 
given  in  the  description  of  the  local  geology  of  Helena  (])p.  80  1)8). 

CARBONIFEROUS    SYSrp:M. 
MADISON  LIMESTONE. 

The  Madison  limestone  is  prominently  (levclo])e(]  in  the  northern 
part  of  tlie  region.  Its  basal  member  is  a  dense  dark  ^n'ay-l)lue  lime- 
stone, which  contains  crinoid  remains  and  other  fossils  and  is  j)ierce(i 
by  innumerable  tremolite  needles.  This  rneni])er  s(»enis  to  ran<j:e  in 
thickness  from  100  to  200  feet.  Above  tiiis  comes  a  iieavv  sueces- 
sion  of  thickly  bedded,  coarsel}'  crystalhne  limestone,  which  com- 
monly forms  bold  outcrops  of  dazzling  whit(»ness. 

The  total  thickness  at  Helena,  a<'cording  to  Weed,  is  2,600  feet. 
The  age  is  Mississippian  (lower  Carboniferous). 
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QUADRANT  QUABTZTTE. 

The  Quadrant  quartzite  overlies  the  Madison  limestone  conform- 
ably. It  consists  predominantly  of  quartzite  and  ranges  in  thick- 
ness from  190  to  500  feet  in  the  Helena  area.  The  quartzite  has  a 
characteristic  appearance  that  distinguishes  it  readily  from  the  other 
quartzit^s  of  the  region.  It  is  a  light-gray  rock  of  dense,  almost 
cherty  texture  and  outcrops  show  typical  rough  hackly  surfaces.  As 
a  rule  the  bedding  is  neither  clearly  nor  j)ositively  recognizable.  The 
age  of  the  formation  here  correlated  with  the  typical  Quadrant  is 
probably  Pennsylvanian  (upper  Carboniferous).  To  tlie  west,  in 
the  Philipsburg  quadrangle,  Calkins  obtained  Penns^'lvanian  fossils 
from  the  Quadrant  formation.  In  other  areas  to  the  east,  however, 
rocks  referred  to  the  Quadrant  formation  have  yielded  Mississippian 
fossils. 

Phosphate  rock  of  good  grade  was  found  in  1911  by  J.  T.  Pardee, 
of  the  Geological  Survey,  near  the  top  of  the  Quadrant  quartzite  in 
the  town  of  KUiston. 

ME80Z0IC  BOCKS. 
JURASSIC   AND   CRETACEOUS    SEDIMENTARY   ROCKS. 

Rocks  definitely  determined  as  of  Jurassic  age  occur  at  EUiston, 
where  they  overlie  the  Quadrant  quartzite  in  angular  concordance. 

The  beds  of  determined  Jurassic  age  are  buff-weathering  arena- 
ceous limestones  and  some  purer  limestones,  aggregating  50  feet  in 
thickness,  referable  to  the  Ellis  formation.  At  the  base,  as  exposed 
at  EUiston,  is  a  sill  of  diorite  porphyry  25  feet  in  thickness.  The 
basal  l)eds  are  highly  fossiliferous:  above  them,  and  possibly  a  part 
of  the  same  formation,  rests  a  banded  sandstone,  as  a  rule  remark- 
ablv  cross-bedded,  with  numerous  unconformities  between  tlie  dif- 
ferent  sets  of  cross-bedded  lamina?.  The  sandstone  is  a  coarse 
({uartzose  rock,  carrying  numerous  miiuite  black  cliert  particles, 
which  imparl  a  speckled  ap|)earancc  to  th(>  rock.  In  phices  fragments 
of  iignitized  vegetal  matter,  some  over  a  foot  lon*^,  wore  found.  The 
section  immediatelv  at  Klliston  sliows  a  thickness  of  several  hundred 
feet  of  this  sandstone,  ahhough  tliere  are  a  few  intercahited  beds  of 
limotone  and  of  a  soft,  ^rn^enish,  con<'hoidally  ])reaking  slude. 

Tlie  fossils  were  submitted  to  T.  W.  Stanton,  who  reports: 

VlTJ    Nt.>.  1.  lllIi.>loii,  Helena  qiia«lniiiL;h'.  Mniu. 
INMitarriuus  asteris(Mis  Meek  an«l  Haytl«Mi. 
(\iiii|»tMiu.'cl.es  j)ertoTiui.-:triatiiH  Hall  aii«l  \\  liilliL-ld. 
r^ciKluiuoiiotis  (Euniiorotb«-'i  curta  ■  Hall"). 
Uihleterniiued  «j:a8tropod  ciista. 
(.'anlioceras  ?  sp.  (small  fragment'. 
This  K)f  is  in»Tn  the  marine  Jiinussic  FAUa  fnrmation. 
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Fossils  were  found,  apparently  at  the  same  locality,  by  Liiulgren 
in  1883  and  were  referred  also  to  the  Jurassic  bv  Whitfield.* 

There  is  no  evidence  of  unconformity  between  the  Ellis  formation 
and  the  underlying  Carboniferous  rocks  at  EUiston.  At  PhiUps- 
burg,  75  miles  to  the  west,  however,  the  Ellis  formation,  although 
resting  in  angular  concordance  on  the  underlying  Carboniferous,  has 
a  basal  conglomerate  holding  pebbles  of  Carboniferous  and  older 
rocks.  An  erosion  interv^al  is  therefore  proved.'  The  maximum 
thickness  of  the  Ellis  formation  at  Philips  'urg  is  430  feet. 

In  the  region  surrounding  Elliston  ther  U  an  extensive  develop- 
ment of  coarse-grained  speckled  sandstone  King  conformably  above 
the  known  Jurassic  rocks.  The  sandstone  is  conimonlv  cross-bedded 
and  semi-quarlzitic  in  appearance.  A  specimen  of  dark-gray  cross- 
bedded  sandstone  from  the  summit  of  the  7,000-foot  ridge  southwest 
of  Elliston  was  found  microscopically  to  be  composed  of  particles  of 
quartz,  black  chert,  and  shale.  Considerable  secondary  quartz  in 
optical  continuity  with  the  original  grains  had  grown  around  the 
quartz  particles.  Some  few  of  the  quartz  grains  (0.5  millimeter  in 
diameter)  are  remarkably  perfectly  rounded:  the  chert  fragments 
are  subangular. 

Limestone,  shale,  and  conglomerate  are  associated  with  the  cross- 
bedded  sandstone  in  small  amount.  Toward  the  top  the  rocks  appar- 
ently grade  into  the  andesite  and  latite  series.  Limestones  of  like 
appearance  and  fossil  content  (obscure  fresh-water  shells)  are  inter- 
stratified  with  the  volcanic  rocks  above  and  tlie  sedimentarv  rocks 
below. 

These  rocks  are  referred  to  the  Cretaceous,  but  the  line  between 
them  and  the  underlying  Jurassic  was  not  determhicd,  and  the  entire 
assemblage,  Jurassic  and  Cretaceous,  is  shown  under  one  symbol  on 
the  geologic  map. 

Rocks  of  probable  Cretaceous  age  occur  at  other  localities  around 
the  margin  of  the  Boulder  batholith  and  even  within  it,  as  roof 
remnants.  Thev  occur  at  Elkliorn,  where  thev  are  termed  bv  Weed  ^ 
the  Crow  Ridge  series,  north  of  Rimini,  south  of  Helena,  and  at  the 
head  of  Basin  Creek,  where  they  form  part  of  the  cover  of  the  batho- 
Uth. 

IGNEOUS    ROCKS. 

AHDESITES  AND  LATITES. 
OCCURRENCE, 

The  renmants  of  the  roof  of  tlie  Bould(T  batholitli  consLst  prin- 
cipally of  andesitic  rocks,  comprising  a  bedded  series  of  lavas,  breccias, 
and  tuffs,  with  some  interstratified  quartzitc,  shale,  and  limestone. 
At  most  localities  the  truly  volcanic  portion  predominates. 

>  Ttnth  Census,  toI.  16, 1A86,  p.  708. 

lEmmoDS,  W.  H.,  and  CaUdns,  F.  C,  Prof.  Paper  U.  S.  Oeol.  Survey  No.  78, 1913,  p.  75. 

>  Twanty-eecood  Ann.  Rept.  U.  8.  Qeol.  Survey,  pt.  2, 1901,  p.  440. 
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Rocks  of  andesitic  character  are  developed  also  in  great  volume  on 
both  the  eastern  and  western  borders  of  the  bathoUth.  As  a  rule 
breccias  and  tuffs  form  the  bulk  of  the  andesite  and  latite  series ;  they 
predominate  at  Elkhorn  on  the  east  and  form  practically  the  entire 
series  on  the  west.  The  breccias  are  in  places  rather  coarse;  at  Cliff 
Mountain,  which  displays  a  scarp  of  stratified  breccias  (PL  II  ^)ySome 
of  the  included  blocks  of  andesite  are  3  feet  long.  At  this  locality  beds 
of  hard  green  and  black  shales  are  interstratified  with  the  breccias. 
Sedimentary  rocks  are  found  at  other  places,  as  east  of  Thunderbolt 
Mountain,  where  andesite,  breccia,  banded  tuff,  and  hard  shale  are 
interstratified.  Fossiliferous  Umostone  canying  fresh-water  forms 
occurs  southwest  of  Elliston. 

Wliere  tlie  underlying  rocks  are  exposed  the  ande^^ites  rest  on  them  in 
angular  accordance.  At  one  locality  only,  at  the  mouth  of  the  canyon 
of  Tenmile  Creek,  do  sedimentary  rocks  overlie  the  andesites.  Th^se 
rocks  are  thermally  metamorphosed  sedmients,  mainly  of  original 
arenaceous  charactcT.  Quartzites,  some  of  great  purity,  are  common, 
but  most  are  partly  micaceous.  These  rocks,  as  a  whole,  appear  to 
correspond  to  Weed's  Cretaceous  of  the  HtJena  district.  Near  the 
contact  of  the  andesitic  rocks  and  the  overlying  sedimentary  rocks 
there  is  apparently  an  interstratification  of  both  kinds. 

On  the  eastern  side  of  the  bathohth,  at  Elkhorn,  the  andesitic 
rocks  dip  eastward  at  a  gentle  angle  away  from  the  granite;  on  the 
west,  at  Cliff  Mountain,  they  dip  westward  at  angles  of  15®  to  20® 
away  from  the  batholith,  passing  beneath  the  soft  Tertiary  deposits 
of  Deer  liodge  Valley.  In  the  areas  lying  within  the  batholith 
steeper  dips  occur,  some  reaching  45^^,  and  the  strike  differs  greatly 
from  place  to  place. 

The  andesite*  and  latite  series  is  of  considerable  economic  interest, 
because  it  forms  th(^  country  rock  at  some  of  the  important  mines. 
In  fact,  tli(»  largest  producer,  the  Alta,  credited  with  an  output  of 
$3*J,()()(),()()(),  is  inclosed  in  rocks  of  this  kind.  The  favorable  factor, 
how(^v(»r,  in  the  formation  of  these  deposits  was  certainly  not  the 
chemical  cliaracter  of  the  rock  hut  its  i)osition  with  respect  to  the 
sources  of  niinerahzation. 

fJENERAL    CHAKACTKR. 

On  the  stee|)er  (h'ehvilies  th(*  andesitcvs  ^^(Mienilly  form  bold  out- 
crops. l)elo\v  whicli  extend  lon^  tahis  slopes  of  an^^uhir  fragments.  In 
a  hroad  way  thev  are  of  snnihir  appearance,  fine  grain,  and  dark 
color.  When*,  however,  tlie  latites  prevail,  the  outcrops  weather  to  a 
liglit  gray  or  white,  and  the  exposures  rese!ni)le  tliose  of  the  rhyolites 
of  the  region.  On  examination  at  any  one  locality  in  detail,  the  andes- 
ites an*  found  to  comprise*  a  coiisich^rahle  nuniher  of  varieties.  For 
example,  the  andesites  at  tlie  mouth  of  th<'  canyon  of  Tenmile  Creek 


.     JOINTING  IN   GS*NITE  SOUTH  OF  BOULDER. 
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show  the  following  distinct  varieties :  (1 )  With  numerous  conspicuous 
feldspar  phenocrysts;  (2)  with  pyroxene  phenocrysts  alone  promi- 
nent; (3)  intermediate  between  (1)  and  (2);  (4)  amygdaloidal  phases; 
(5)  flow-banded  phases;  and  (6)  breccias,  in  which  highly  porphyritic 
fragments  are  inclosed  in  aphyric  varieties;  also  other  breccias, 
probably  flow  breccias  in  the  main.  On  the  summit  of  Thunderbolt 
Mountain  tliick  sheets  of  lava,  strikingly  different  in  appearance,  are 
found  in  superposition.  One  variety,  a  dark  bluish  black  aphanitic 
rock,  carrying  small  obscure  phenocrysts  of  hornblende  and  plagio- 
clasc,  is  a  fresh-looking  lava  and  shows  flow  banding  but  only  on  the 
weathered  surface.  The  adjoining  lava  sheet  is  of  altered  aj)pearaiice 
and  is  a  bluish-gray  rock,  carrying  numerous  conspicuous  tabular 
plagioclase  feldspars.  It  presents,  therefore,  a  strong  contrast  to  the 
former  rock.  Glassy  porphyries  also  are  prominently  developed  here. 
These  rocks  are  all  of  typical  andesitic  appearance.  With  them, 
however,  are  associated  other  varieties,  which  exhibit  an  obvious 
divergence  from  the  andesitic  type.  These  show  small  scattered 
phenocrysts  of  plagioclase  and  biotite  in  a  groundmass  of  flinty  tex- 
ture and  commonly  display  flow  streaking.  Conspicuously  flow- 
banded  varieties,  nearly  devoid  of  phenocrysts  and  of  red  flinty 
appearance,  are  found  east  of  Boulder.  North  of  Thunderbolt  Moun- 
tain and  west  of  Thunderbolt  Creek  these  rocks,  which  chemical 
analysis  shows  to  belong  to  the  latite  group,  are  present  in  great 
abundance.  Flow  banding  and  streaking  is  developed  in  these 
latites  in  an  extraordinary  degree,  so  that  they  rival  in  this  respect 
the  Tertiary  rhyolites  of  the  region. 

PETROGRAPHY. 

An  andesite  from  the  entrance  of  the  canyon  of  Tenmile  Creek  is  a 
dark  heavy  rock,  in  which  the  pyroxene  phenocrv^sts  are  prominent 
because  weathering  in  relief.  In  thin  section  it  is  found  to  contain 
numerous  phenocrysts  of  calcic  plagioclase,  ranging  up  to  AbjoAn^Q, 
and  of  augite,  which  are  surrounded  by  rims  of  brown-greon  aniphi- 
bole.  The  groundmass  consists  of  tabular  plagioclase  and  granular 
amphibole,  with  some  biotite  and  accessory  magnetite  bordered  l)y 
titanite  (?)  rims.  The  rock  has  very  probably  been  nKnlilied  to  some 
extent  by  contact  metamorphism  exerted  by  the  near-by  intrusion  of 
quartz  monzonite.  It  corresponds  in  appearance  and  mineralogy 
to  the  hornblende  andesite  porphyry,  altered  from  an  augit(*  ande- 
site and  approaching  a  basalt  in  c()m{)osition,  from  the  southwestern 
part  of  the  Elkhom  district,  which  has  been  described  by  Barndl 
and  of  which  an  analysis  is  available.^ 

The  bluish-black  aphanitic  andesite  from  Thunderbolt  Mountain 
shows  a  porphyritic  hyalopiUtic  texture.     The  andesite  with   the 

>  Twtnty-Mcoiid  Ann.  Rapt.  U.  S.  (jeol.  Survey,  pt.  2, 1W)1,  p.  52U. 


26  ORE   DEPOSITS  OF   HELENA   MIXING  REGION,   MONTANA. 

prominent  tabular  feldspar  crystals  contains  phenocrysts  of  plagio- 
clase  near  Ab|An,  and  of  ckloritized  and  epidotized  femic  minerals 
in  a  cryptocr}'staIline  matrix.  Both  are  much  poorer  in  femic  min- 
erals than  the  first-described  andesite. 

The  latites  are  characterized  by  the  occurrence  of  plagioclase  and 
biotite  phenocrv'sts  in  a  cryptocr^'stalline  groundmass  of  salic  appear- 
ance. Blue,  red.  and  flint-gray  are  common  colors.  Streakiness  and 
flow  bandmg  are  nearly  universal. 

A  specimen  from  the  top  of  the  ridge  on  the  west  side  of  Thunder- 
bolt CYeek,  near  its  head,  is  a  porph\T}'  carr>'ing  small  vitreous  plagio- 
clase phcnocrv'sts  and  bronzy  plates  of  biotite  embedded  in  a  dark- 
red  glassy  groundmass  of  dull  appearance.  It  displays  a  strongly 
marked  eutaxitic  structure,  especially  conspicuous  on  weathered 
surfaces,  which  are  of  light-gray  color.  Under  the  microscope  the 
feldspars,  which  are  well  preserved,  are  found  to  be  andesines  near 
AbjAnp  and  the  biotite  plates  to  be  chloritized.  The  groundmass  is 
glassy,  though  partly  devitrified;  flow  banding  is  finely  developed, 
and  swirls  encircling  the  feldspars  are  common,  together  with  a  certain 
amount  of  breakage  of  the  phenocrj^sts  thus  enveloped.  Apatite  and 
ilmenite,  now  altered  to  leucoxene,  are  present  as  accessory  minerals. 

Analysis  of  latiU  from  Thunderbolt  Creek,  MonL 

|J.  O.Fairchlld,  analyst] 


SiOj 64.45 

AljOa 17.69 

FeaO., 1.33 

FeO 1.93 

MgO 57 

CaO 3.73 

3. 85 

3.68 

59 


NoaO.. 
KjO... 

B,0- 


H«0-f 0.80 


TiOg. 

S.... 
Mn( ) 
HaO. 


.69 
.29 
.16 
.04 
.05 
.19 


100.04 


The  low  nint^nrsia  and  the  n^lativcly  high  {)otash,  together  with  the 
general  andositic  coniixjsition,  are  noteworthy.  The  potash,  which, 
as  shown  by  the  minerah>gic  niake-u|)  of  th(»  rock,  is  restricted  largely 
to  the  groundmass,  evidently  caused  the  i lowing  hiva  to  become  stiff 
and  viscous,  so  that  most  of  these  rocks  show  a  highly  flow-banded 


structure. 


CONTAer-METAMORPHK'  ALTK RATION  nF  THK  AN'DKSITES  AND  LATITES. 


The  andesites  and  latite.s  in  proximity  to  the  quartz  monzonite 
intrusion  have  under^om^  cont act-met anior])hic  alteration.  This 
has  taken  one  of  two  forms,  either  sim])le  recrvstallization  or  recrys- 
tallization  with  addition  of  material.  The  former  is  the  more  common 
occurrence. 
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The  contact-metamorphic  alteration  seems  to  be  most  apparent  to 
the  eye  in  the  latites  or  andesites  high  in  potash.  Near  the  contact 
these  rocks  lose  their  dark  color  and  become  nearly  white;  the  ground- 
mass  takes  on  obviously  a  microcrystalline  character.  Where  the 
latites  are  flow  banded  this  structure  is  retained,  and  the  increased 
liglit  color  of  the  rocks  enliances  their  reseml)lance  to  rhyolites.  Under 
the  microscope  the  main  change  is  found  to  have  taken  place  in  the 
groundmass;  whereas  before  metamorphism  it  was  of  cryi)tocrys- 
tallinc  texture,  it  is  now  a  clear,  well-individualized  aggregate,  con- 
sisting essentially  of  quartz  and  orthoclase,  with  biotite  dispersed 
through  it  in  small  flakes.  In  places  tourmaline  appears  as  an  acces- 
sorv. 

The  most  extensive  metamorphism  of  tlie  andesites  has  taken  place 
on  the  north  side  of  IClkhorn  Peak,  extending  down  to  Prickly  Pear 
Creek  at  8,000  feet  altitude.  The  rocks  are  mainly  breccias  and  have 
been  remarkably  thoroughly  recrystallized.  The  matrix  of  the  brec- 
cias is  commonly  more  coarsely  crystalline  than  the  included  frag- 
ments, and  in  fact  in  many  localities  resembles  a  fine-grained  diorite. 
The  rocks  are  extensively  injected  with  aplit«  dikes,  many  of  which 
carry  tourmaline,  probably  pyrogenetic,  and  are  most  thoroughly 
recrystallized  where  pierced  by  numerous  aplitic  dikelets.  In  the 
porphyries  the  augite  phenocrysts  have  generally  been  converted 
to  fibrous  amphibole,  which  along  with  disseminated  flakes  of  biotite, 
is  also  common  in  the  groundmass. 

The  most  notable  pneumatolytic  metamorphism  observed  in  the 
region  is  tliat  which  has  afi'ected  the  thick  stratum  of  andesitic  breccia 
overlying  the  large  limestone  bed  on  the  southwest  flank  of  Elkhorn 
Peak.  The  breccia  is  composed  of  angular  fragments  of  andesite,  the 
largest  4  inches  long;  it  has  ob\'iously  been  metamori)hosed,  showing 
patches  of  garnet  and  in  places  dis(Tct(»  areas  comj)osed  solidly  of 
fibrous  tremolite,  with  fibers  up  to  2  inches  in  length.  Thin  sections 
cut  from  different  places  naturally  show  dill'erent  textures  and  propor- 
tions of  the  component  miiuTals.  Garnet,  pyroxene,  scapolitc,  plagio- 
clase,  and  accessory  titanite  and  ai)atite,  are  the  minerals  present. 
Remnants  of  pyroclastic  structure  remain,  as  indicated  by  the  j)res- 
ence  of  unobliterated  porphyry  fragments;  plagioclaso  phenocrysts 
or  pyroclastic  fragments  tend  to  remain  intact,  but  iis  a  rule  the  new 
growth  of  lime  sUicates  has  sjiread  throu*j:hout  the  rock.  The  garnet 
is  not  grossularite,  but  very  probably  andradite,  from  thci  fact  that 
its  refractive  index  Is  near  that  of  the  niininiuni  index  of  titanite 
intergrown  with  it.  The  jnToxent^  is  a  nionoclinic  variety,  suggestive 
of  hedenbergite  in  part.  Sca])olite  occurs  locally  in  broad  plates  ])oi- 
kilitically  inclosing  the  other  minerals.  The  plagioclase  is  mainly 
residual  and  is  commonly  sca])olitized.     All  these  features,  together 
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with  the  macroscopic  patches  of  fibrous  tremolite,  indicate  that  the 
breccia  was  originally  calcareous,  and  was  subsequently  metamor^ 
phosed  under  the  influence  of  chlorine-bearing  solutions. 

Northwest  of  Mullan  Pass  andesite  sills  lying  between  thick  beds  of 
coarsely  garnetized  sedimentary  rocks  are  traversed  by  small  veins 
carrying  calcite  and  dodecahedral  garnet. 

AGE  OF  THE  AN'DESITES. 

The  age  of  the  andesites  is  a  matter  of  considerable  interest,  inas- 
much as  they  are  the  yoimgest  rocks  into  which  the  Boulder  batholith 
Ls  intrusive.  Weed  states  that  an  Eocene  *\ge  is  indicated,  but  the 
evidence  on  wliich  this  is  based  is  not  given.*  That  tliey  are  certainly 
of  j)re-01igocene  age  at  least  is  proved  by  the  fact  that  Oligocene  sedi- 
ments overlie  them  west  of  Cliff  Mountain,^  and  at  Pipestone  Springs, 
near  tlie  southern  border  of  the  batholith.' 

Southwest  of  Elliston  the  andesite  breccias  at  the  base  of  the  ande- 
site series  were  found  interstratificd  with  the  sedimentary  rocks,  prin- 
cipally cross-bedded  semiquartzitic  sandstone,  that  overlie  the  fos- 
siliferous  strata  of  the  marine  Jurassic.  A  certain  amount  of  con- 
glomerate and  limestone  occurs  with  tlie  sandstone,  and  the  con- 
glomerate contains  some  andesite  fragments.  These  facts  tend  to 
show  that  the  andesitic  eruptions  went  on  contemporaneously  with 
the  deposition  of  the  late  Mesozoic  sediments.  In  the  andesites 
occur  thin  intercalated  beds  of  fossiliferous  limestone,  in  appearanc-e 
like  those  underlying  the  andesitt»s.  T.  W.  Stanton  reports  on  the 
fossils : 

7243.  From  a  7,000-foot  mountain  southwest  of  Elliston,  Mont.  This  lot  consists 
of  drab  fresh-water  limestone  containing  poorly  preserved  undetermined  ostracods 
and  gastropods.     The  age  is  probably  Cretaceous. 

It  is  known  that  in  eastern  Montana  volcanic  activity  commenced 
in  the  Montana  e})och  of  the  Cretaceous.  Formerly  it  was  believed 
that  the  erui)tions  began  only  after  the  Laramido  orogonic  revolution, 
but  this  has  been  (lLs])roved  both  by  pah^ozoologic  and  paleobotanic 

It  will  thereforo  bo  hold,  ponding  the  collection  of  more  sntisfac- 
torv  niatcTial  from  the  limestones  interbedded  with  the  andesitt^ 
overlying  the  Boulder  batholith,  that  the  andesites  are  of  late  Vn^ 
tac(H)Us  a«^(^ 

The  ori^rinal  thickness  of  the  andesitic  rocks  is  unknown.  South- 
east of  Elkhorn,  where  they  are  re<j:ularly  bedded  and  dip  at  a  low 


»  \Veo<J,  W.  n.,  Gcolo^o'  and  ore  dejioslts  of  the  Bulk'  dislrkt.  Monianii:  Prof.  Pa|ier  U.  S.  (Jeol.  Suni^y 
No.  74,  iyl'2,  p.  29. 

«  Douglass,  Earl,  Annals  Cameple  Nfus.,  Pittsburgh,  vol.  r».  IIXW,  p.  203. 

•Matthew,  W.  I).,  Uull.  Am.  Mus.  Nut.  Hist.,  vol.  10.  wm,  p.  11»7. 

♦Stone,  U.  W..  and  Calvert,  W.  K..  Stratinniphic  relation-  of  tlie  l/uin,'stone  forniiAtiiNi  of  MonLiiu: 
Ecou.  <I©oloj;y.  vol.  0,  lyiO,  pp.  .wl-aJT,  lw2  ^Xiy,  741  704. 
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angle,  a  thickness  of  2,000  feet  is  indicated,'  but  this  figure  is  obviously 
a  minimum  estimate.  The  high  ridges  in  which  the  andesites  are 
exposed  at  Elkhom  have  been  carved  from  an  area  that  has  been 
subjected  to  prolonged  and  intense  erosion  ever  since  the  beginning 
of  the  Tertiary  period.  During  the  same  time  other  parts  of  the 
surrounding  r^on,  equally  subjected  to  erosion,  have  been  denuded 
of  several  thousand  feet  of  rock  covering,  so  that  it  is  highly  probable 
tliat  the  andesitic  rocks  had  originally  a  far  greater  thickness. 

QUABTZ  MoirzoNrrE. 

GENERAL  CHARACTER. 

Granite  is  the  predominant  rock  exposed  throughout  the  region. 
It  is,  however,  not  a  true  granite,  but  is  accurately  designated  a 
quartz  monzonite.  In  local  usage  the  term  granite  Ls  employed 
universally  and  where  adopted  in  this  report  it  is  employed  in  tfie 
popular  sense.  No  true  granite  was  found  anywhere  in  the  region; 
such  modifications  of  the  quartz  monzonite  as  were  noted  are  toward 
dioritic  rocks. 

The  granite  area  of  this  region  is  the  northern  part  of  the  great 
intrusive  mass  of  granitic  rock  extending  imintorruptedly  from  the 
Highland  Mountains,  16  miles  south  of  Butte,  to  Mullan  Pass  on  the 
north.  This  large  intrusion  was  named  by  Weed  the  Boulder  bath- 
olith,  from  the  name  of  the  mountains  tlu-oughout  which  it  is 
exposed.'  It  occupies  an  area  of  about  1,100  square  miles,  extend- 
ing 60  miles  from  north  to  south  and  averaging  18  miles  in  width. 

In  the  mountainous  areas  the  granite  weathers  in  characteristic 
fashion,  forming  huge  bowldery  outcrops  and  making  the  country 
exceedingly  rough  and  nearly  impassable. 

Locally  the  granite  is  traversed  by  pronounced  systems  of  jointing, 
as  at  Rimini  and  also  at  Boulder  (PI.  II,  By  p.  24). 

The  granite  has  been  quarried  wdthin  the  area  considered  in  this 
report  mainly  at  two  points— on  the  Kimini  road  8  miles  west  of 
Helena  and  at  a  locality  north  of  Clancy.  The  stone  from  Clancy  is 
used  in  the  construction  of  the  wings  of  the  State  capitol  at  Heh^na. 

PETROGRAPHY. 

The  prevailing  rock  of  the  Boulder  batholith  is  a  coarse  granitoid 
composed  in  the  order  named  essentiallv  of  pla<2:i()clas(\  ()rth()chis(\ 
quartz,  biotite,  and  hornblende.  It  is  remarkably  honiogeiieous  in 
composition  over  a  large  area.  A  wich^spread  feature,  extending 
more  or  less  persistently  from  Mullan  Pass  to  Butte,  is  a  rough 
porphyritic  habit  due  to  the  development  of  large  imperfect  pheno- 
crysts  of  orthoclase, 

1  PmsodsI  commnnfe«Uon  by  R.  W.  Stone. 

•  WMdf  W.  H^  Gmnttt  foeks  of  Butto,  Mont.,  And  yicinity :  Joui.  GMlogy,  toI.  7, 1899.  p.  737. 
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Toward  the  margins  of  the  batholith  the  rock  becomes  some^at 
finer  grained  and  equigranular^  as  noted  south  of  Helena,  east  of 
Boulder,  and  other  localities.  The  rock  apparently  becomes  more 
basic  and  the  eye  is  at  a  loss  to  surely  distinguish  quartz  monzonite 
from  such  modifications  as  granodiorite  and  quartz  diorite.  At 
certain  localities,  as  verified  by  the  microscope,  the  rock  becomes 
dioritic  in  character. 

A  considerable  number  of  chemical  analyses  of  rock  from  widely 
separated  localities  on  the  northern  part  of  the  batholith  are  ayailablo, 
and  emphasize  the  chemical  homogeneity  sugg(»stod  by  the  mineral 
composition.  Two  of  these  analyses  were  made  during  the  course 
of  the  present  inyestigation;  the  others  have  been  published  by 
Weed.* 

Analyses  of  quartz  monzonite  from  vorthern  part  of  the  Boulder  batholith. 
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1.  Valley  Forge  mine.  Rimini.    J.  G.  Fairchild,  analvst. 

2.  King 'Solomon  mine,  Clancy.    J.  G.  Fairchild,  analyst. 

3.  Frohner  mine.    H.  N.  Stokes,  analyst. 

4.  Boulder.    H.  N.  Stokes,  analyst. 

5.  Klkhom.    H.  N.  Stokes,  analyst. 

6.  Butte,  average  of  four  closely  similar  anal>'ses.    n.  N.  Stokes,  analyst. 

The  average  analysis  of  the  quartz  monzoiiito  at  Butte  has  boon 
added  to  show  that  it  does  not  difl'or  ossontiallv  from  those  of  rorks 
from  other  parts  of  the  batholith;  it  is,  in  fact,  practicallj'^  identical 
with  that  of  the  rock  from  Elkhorn,  which  lios  on  the  eastern  margin 
of  the  batholith,  3'>  milos  northeast  of  Butte. 

Under  the  microscope  rock  from  diMeriMit  parts  of  the  batholith 
shows  broadly  similar  features.  A  zoned  pla^ioclaso  near  labradorito 
(AbsoAnjjo)  ii*  found  to  ho  the  dominant  feldspar;  the  most  calc'c 
variety,  from  Elkhorn,  as  mc^asured  on  the  core  is  Ab45An55  and  the 
least  calcic  Ab-^An^j — a  remarkably  narrow  range  in  composition. 
Orthoclasc  and  quartz  are  present  in  abundance  and  Ue  interstitially 

>  Op.  Clt.,  pp.  737-750. 
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between  the  idiomorphic  plagioclase  crystals.  Biotite  and  horn- 
blende are  the  ferromagnesian  minerals,  and  the  biotite  commonly 
predominates.  At  Elkhorn  a  small  amount  of  augite  intergrown 
with  the  hornblende  is  found  but  none  occurs  elsewhere.  The 
accessory  minerals  are  magnetite,  titanite,  apatite,  and  zircon.  The 
computed  mineral  composition  of  the  quartz  monzonite  from  Clancy 
(see  p.  56)  is  41.58  per  cent  plagioclase,  18.90  per  cent  orthoclase, 
19.86  per  cent  quartz,  8.94  per  cent  biotite,  and  7.26  per  cent  horn- 
blende. At  Elkhorn,  according  to  Barrell,'  it  contains  by  volume  34 
per  cent  labradorite,  22  per  cent  orthoclase,  25  per  cent  quartz,  7 
per  cent  biotite,  9  per  cent  liornblende,  and  2  per  cent  augite. 

On  Red  Rock  Creek  and  extending  to  Thunderbolt  Mountain  is  a 
large  body  of  gray  diorite  of  medium  grain.  Rock  from  the  mouth 
of  the  tunnel  on  the  Calendar  prospect  under  the  microscope  is  seen 
to  consiat  predominantly  of  plagioclase  (AbsjAn^g),  with  interstitial 
quartz  and  orthoclase,  each  probably  under  10  per  cent  in  amount. 
Hornblende  and  biotite  occur  in  minor  quantities.  Whether  this 
diorite  is  a  marginal  phase  or  an  earlier  or  later  intrusion  than  the 
main  batholith  was  not  determined. 

CONTACT  METAM0RPHI8M. 

The  granite  batholith  and  its  outliers  have  invaded  a  great  number 
of  rocks  of  widely  different  character.  The  contact-metamorphic 
alteration  produced  by  the  invasion  is  correspondingly  diverse  from 
place  to  place,  dependent  on  the  original  chemical  composition  of  the 
rocks  and  on  the  local  accession  of  material  during  metamorphism. 

The  simplest  form  of  the  contact  metamorphism  is  the  marmariza- 
tion  of  the  limestones  in  proximity  to  the  granite  contact.  This  ia 
well  shown  south  of  Helena,  where  the  Madison  limestone  has  been 
coarsely  recrystallized,  so  that  it  forms  conspicuous  snow-white  out- 
crops. It  is  worthy  of  note  that  the  basal  member  of  the  Madison 
limestone  contains  a  multitude  of  minute  tromolite  and  tourmaline 
needles,  although  the  matrix  inclosing  them  has  not  recrystallized. 
The  tourmaline-tremolite  content  oxtoiids  for  over  a  mile  from  the 
visible  contact.  The  content  of  tourmaline  and  tromolite  differs  in 
different  beds:  some  contain  much  delicatc^lv  fibrous  or  hliulc^d 
tremolite  and  no  tourmaline;  others  contain  much  tourmaline,  and 
again  others  contain  both  minerals  t()<j:(4her.  Tremolite,  ho  weaver,  i.s 
by  far  the  more  abundant. 

Along  the  contact  south  of  Helena  the  roeks  overlyinjj;  the  Quadrant 
quartzite  have  been  extensively  reciystallized,  forming  various  kinrls 
of  biotite  homfels  and  micaceous  quartzite.  The  metamorphism  of 
the  andesites  has  idready  been  described  on  pages  26-28. 

>Twenty-seoaod  Ann.  Kept.  U.  8.  Qeol.  Survey,  pt.  2, 1901,  p.  53S. 
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GametizatioQ  has  taken  place  on  an  extensive  scale  west  and 
northwest  of  MuU&n  Pass  at  distances  of  over  a  mile  from  the  exposed 
contact.  Thick  beds  of  aolid  garnet  rock  have  been  produced,  the 
garnet  crystals  attaining  a  maximum  diameter  of  1  inch.  Associated 
sills  of  andesite,  as  already  pointed  out,  are  traversed  by  veintets 
carrying  calcite  and  crystalline  garnet. 

At  other  localities  in  the  region  garnet  an<l  other  silicate  minerak 
traverse  limestones  in  veins.  Thej'  occur  along  the  contact  west  of 
Kelson  Gulch.  Here  the  pure  snow-white  coarse  marble  is  traversed 
by  masses  of  lime-silicate  minerals  breaking  across  the  bedding  in 


FtcvRi;  2.    Cunivi-.-iJicireil  rcic'k>  In  I'oturiulo  (ruli-li,    I,  Quarti  moiitonltr;  2,  1>k)tltle  qiiartilw: 
^1.  k-iiriK'l  rnrk:  4.  >llniBi.lF  hion^ilnnr:  \  inorl.lr  sTrHtitm. 

vi'inlike  fashion.  Siiiiilnrly  iit  (lie  Spi-iiig  liill  mine  metamorphic 
ininerals  ore  (levclojic*!  locally  and  abruptly  across  the  bedding  of 
Ihinh-  striitiiifd  liau-stoitc. 

Tlieso  fjicts  ]»nivi'.  wilhinil  the  necessity  nf  chemical  analyses,  that 
an  acrcssiim  of  niali'iiiil  has  uikcn  plarc  durint;  (contact  inctamorphism. 

Near  {'oloraiUi  (iiilr)i,  we.st  of  lli'lcna,  coiitaet-metamorphic  rocks 
are  c.xjioscd  at  tlic  paiiilc  niiilact.  (liirnctization  has  proceeded 
oontinuoiisiy  to  a  (Ustimcc  of  ;t50  feci  from  the  granite.  At  this 
<lintancc  tlic  garnet  lock  mci-ycs  into  a  scries  of  thin-bedded  dense 
«liii])Ki(lc  honistont-s,  aj^rc^aliiig  liJ  fret  in  thickness.  The  hom- 
»U>ues  are  inclo-sed  between  u  fontwall  of  black  micaceous  quartzite 
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and  a  hanging  wall  of  coarse  white  marble  4  to  5  feet  wide.  The 
strike  can  readily  be  followed,  as  the  marble  on  the  hanging  wall 
forms  a  continuous  outcrop.  Near  the  granite  contact,  as  shown  in 
figure  2,  the  gametization  has  spread  into  the  marble,  forming  a  mass  of 
brown  garnet  rock  25  feet  thick.  The  portion  of  garnet  rock  that  has 
replaced  the  limestone  is  irregularly  fdled  with  discontinuous  veiidets 
or  blebs  of  quartz  holding  large  euhedral  garnets.  A  small  amount 
of  galena  and  briUiant  black  sphalerite  is  intergrowu  with  tlie  garnet 
rock,  but  on  the  whole  seems  to  favor  the  quartzose  portions  of  the 
rock.  Enough  sulphides  are  present  to  have  encouragiMl  the  i)n)s- 
pector  to  sink  an  exploratory  shaft. 

Tnder  the  microscope  the  garnet  rock  is  found  to  consist  essentially 
of  garnet,  intergrown  with  small  amounts  of  diopside,  hornblende, 
calcite,  and  quartz.  The  cores  of  the  garnet  are  generally  isotropic, 
but  the  margins  show  zonal  structure  and  optical  anomalies.  By  the 
immersion  method  the  index  of  the  garnet  is  found  to  be  1.77,  indi- 
cating a  variety  intermediate  between  grossularite  and  andradite. 
The  hornstone  into  which  the  garnet  rock  grades  along  the  strike  is 
seen  microscopically  to  consist  of  an  intergrowth  of  a  finely  granular 
diopside  and  calcite,  with  accessory  pyrrhotite. 

Other  examples  of  contact-metamorphic  rocks  that  carry  sulphides 
and  oxides  in  quantities  of  economic  importance  are  described  under 
the  contact-metamorphic  ore  bodies. 

AGE   OF  THE   QUARTZ   MONZONITE. 

The  first  descrij)tion  of  the  granitic  rock  from  what  is  now  known  as 
the  Boulder  batholith  is  given  by  S.  F.  Emmons,*  based  on  reports 
and  specimens  brought  in  by  special  agents  of  the  Census.  He  recog- 
nized its  unusual  character  and  pointed  out  that  it  'proves  to  be  a 
diorite  of  somewhat  singular  character,  possessing  certain  marked 
characteristics."  It  was  ])rovisionally  designated  a  diorite-granite 
and  was  thought  to  represent  an  eru])tive  body  of  Archean  age. 

Lindgren,  who  was  a  member  of  the  Transcontinental  Survey  of 
1SS.3,  termed  this  intrusive  mass  the  JefTerson  granite  field,  and 
regarded  the  great  eruption  as  })ossibly  of  Jurassic  age.  He  gave  a 
brief  petrographic  description  of  the  granite  and  recognized  its 
resemblance  to  Zirkcl's  Jurassic  granite  from  Nevada.  The  coal- 
bearing  sediments  resting  on  the  eroded  surface  of  the  granite  at 
Mullan  Pass  were  believed  to  be  probably  of  ]jarnmi(*  age.- 

The  later  work  on  this  problem  has  been  done  mainly  by  Weed, 
who  a.ssigned  a  post-Cretaceous  age  to  the  batholith  in  1800.^  His 
final  view  is  that  the  granite  Is  Miocene  in  ag(».^ 

1  Tenth  Census,  vol.  13, 1S85,  p.  96. 

•  Idem,  vol.  15, 18W,  p.  733. 

*  Weed,  W.  U.,  Granite  rocks  of  Botte.  Mont.,  and  vicinity:  Jour.  Oeology,  vol.  7, 1H99.  p.  737. 

4  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Mont:  Prof.  Paper  U.  S.  Geol.  Surxey 
No.  74,  1912,  p.  29. 
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The  evidence  at  hand  is  still  not  as  complete  or  conclusive  as  is 
desirable.  The  youngest  rocks  into  which  the  granite  is  intrusive 
are  the  andesites  and  latites,  which,  as  shown  earlier  in  this  report, 
are  probably  of  Cretaceous  age  and  are  definitely  of  later  age  than 
the  Ellis  formation.  On  the  eroded  surface  of  the  granite  west  of 
MuUan  Pass  rests  a  series  of  unconsolidated  lignite-bearing  sediments, 
possibly  of  White  River  (lower  Oligoc^ne)  age.  At  other  localities 
in  this  part  of  Montana  beds  assigned  by  Douglass  to  the  White  River 
have  been  found  by  him  to  be  slightly  lignitiferous.  If,  as  seems 
most  probable,  the  rocks  at  MuUan  Pass  should  prove  to  be  the  equiva- 
lents of  either  the  Lance  or  the  Fort  Union,  which  are  common  coal- 
bearing  formations  in  eastern  Montana,  the  period  of  intrusion  of  the 
bathoUth  would  be  certainly  of  pre-Tertiary  age. 

The  Boulder  bathohth,  covering  an  area  of  1,100  square  miles  is  in 
all  probability  an  outlier  of  the  far  greater  Idaho  bathoUth,  which  is 
situated  150  miles  to  the  west  and  covers  an  area  of  20,000  square 
miles.'  Between  the  two  are  manv  similar  batholiths,  such  as  those 
of  the  Philipsburg  quadrangle.  These  have  been  found  by  F.  C. 
(^alkins '  to  cut  rocks  of  Colorado  (late  Oetaceous)  age.  This  fixes 
the  inferior  limit,  but  the  superior  limit  in  that  area  is  not  known. 
In  view  of  the  foregoing  considerations  it  is  concluded  that  the 
available  evidence  points  to  a  late  Cretaceous  age  for  the  Boulder 
batholith. 

APUTE. 
OCCURRENCE    AND   CHARACTER. 

Aplite  is  a  common  rock  within  the  area  of  the  Boulder  batholith 
and  around  its  margin.  It  forms  dikes  and  irregular  masses,  some 
of  which  are  measured  in  square  miles.  The  largest  of  these  masses, 
east  of  Corbin,  is  shown  on  the  geologic  map  (PI.  I),  but  other  exten- 
sive areas  of  aplite  were  noted  west  of  Jefferson  and  on  the  ridge 
south  of  Rod  Mountain.  As  estimated  roughly,  the  aplite  forms  5 
per  cent  of  the  surface  exposure  of  the  batholith.  Although  aplite 
is  so  abundant,  pegmatite  is  rare. 

The  border  of  the  granite  at  many  places  is  fringed  with  apUte, 
usually  tourmaliniferous,  which  lies  between  the  normal  quartz  mon- 
zonite  and  the  invaded  rock.  Dikes  of  aplite  also  penetrate  the 
rocks  that  inclose  the  bathohth.  They  are  particularly  abundant 
near  Wickes,  where  they  occur  as  persistent  dikes,  up  to  200  feet 
in  thickness,  traversinjr  the  andesites. 

The  a}>lites  are  fine-grained  granular  white  rocks  composed  essen- 
tially of  orthoclase  and  quartz,  with  minor  amounts  of  biotite.  Cer- 
tain coarsely  granular  masses  show  a  normal  granitic  texture  and 
sliould  be  designated   alaskite.     Tender  the  microscope  the  typical 

*  rmplcby.  J.  H.,  An  old  erosion  surfat-e  in  Idaho:  Jour.  Geology,  vol.  20, 1912,  p.  14ft. 
I  F^rsonal  commumcutioo. 
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aplites  show  a  panidiomorphic  aggregate  of  orthoclase,  somewhat 
perthitic,  and  quartz,  with  subordinate  plagioclase  and  biotite  and 
accessory  magnetite,  titanite,  and  apatite.  Two  analyses  of  aplites 
from  Elkhom  are  available. 

The  aplites  are  commonly  tourmaliniferous,  but  it  is  usually  diffi- 
cult to  determine  whether  the  tourmaline  is  an  original  constituent 
or  was  subsequently  introduced.  At  a  number  of  localities,  however, 
the  tourmaline  seems  to  be  clearly  of  pyrogenetic  origin  and  not 
connected  with  fractures  or  jointing.  South  of  Montana  (Hty  there 
occurs  a  considerable  body  of  aplite  carrying  nodules  composed  of 
tourmaline  and  quartz,  which  are  scattered  througliout  the  ro(»k 
with  some  regularity.  The  nodules  range  from  a  fraction  of  an  inch 
up  to  several  inches  in  diameter,  and  from  regular  spheroids  to  most 
irregular  blebs.  The  apUte  is  a  snow-white  rock,  completely  devoid 
of  biotite,  which  as  a  rule  is  present  to  the  extent  of  1  or  2  per  cent  in 
the  other  aplites  of  the  region.  Under  the  microscope  the  aplite  is 
seen  to  be  of  normal  c«omposition  and  texture;  in  the  tourmalin- 
iferous  portion  the  tourmaline,  which  is  an  iron-rich  variety,  is  inter- 
grown  in  poikilitic  fashion,  mainly  with  quartz,  but  also  with  some 
orthoclase. 

Similar  tourmalinic  nodules  occur  in  the  aplite  at  Elkhom  and  have 
been  described  by  Barrell. 

OSIOIN  OF  THE  AFLITB8. 

Some  apUtes  show  intrusive  contacts  with  the  inclosing  quartz 
monzonite,  but  others,  especially  those  occurring  along  the  borders  of 
the  batholith  as  marginal  facies,  show  blended  contact.  The  intru- 
sive contacts,  moreover,  are  welded  and  the  aplite  exhibits  little 
evidence  of  chilling,  so  that  it  is  clear  that  the  aplite  was  intruded 
while  the  quartz  monzonite  was  still  hot. 

Despite  the  great  abundance  of  aplite  in  the  region,  there  is  a  note- 
worthy scarcity  of  other  satellitic  intrusions,  especially  of  lampro- 
phyric  or  so-called  complementary  rocks,  which  are  practically 
absent.  This  fact  leads  to  the  conclusion  that  the  aplite  was  not 
derived  from  the  splitting  up  of  a  single  magma  into  two  magmas, 
one  saHc  and  the  other  femic,  but  that  it  originated  from  the  quartz 
monzonite  magma  by  a  process  of  fractionation  during  the  coohiig 
and  consoUdation  of  that  magma.  During  this  process  tourmaline 
was  concentrated  in  the  aphte  magma;  by  further  segregation  within 
the  aplite  magma  the  tourmaline  formed  the  tourmaline-quartz 
nodules. 

CENOZOIC  ROCKS. 
TERTIARY    SEDIMENTARY    ROCKS. 

Stratified  deposits  which  are  here  referred  to  the  Tertiary  {>eriod 
occur  at  three  localities  in  the  region — the  Continental  Divide  west 
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of  MuUan  Pass,  at  Helena,  and  at  Elliston.  Those  deposits  exposed 
at  Helena  and  Elliston  belong  to  the  so-called  lake  beds  of  western 
Montana. 

The  deposit  near  MuUan  Pass  consists  niainly  of  clays  and  poorly 
indurated  shales  carrying  some  thin  beds  of  low-grade  lignite. 
Coarse  conglomerate  containing  Umestone  and  quartzite  pebbles 
occurs,  but  as  natural  exposures  are  poor  its  relation  to  the  rest  of 
tlic  deposit  couhi  not  be  determined.  To  the  east  the  sedimentary 
rocks  are  apparently  overlain  by  rhyoUte.  They  rest  on  the  eroded 
surface  of  the  northern  end  of  the  Boulder  batholith  and  contrast 
strongly  with  the  thermally  metamorphosed  and  gametized  older 
rocks  surrounding  them. 

Some  poorly  preserved  and  indeterminable  leaves  were  found  near 
the  coal  exposures.  These  rocks  were  referred  to  the  Laramie  by 
Lindgren,*  probably  on  the  basis  of  their  lignite  content.  Coal- 
bearing  rocks  of  as  late  age  as  Fort  Union  (lower  Eocene)  having  been 
formerly  assigned  to  the  Laramie,  it  is  possible  that  the  rocks  at 
Mullan  Pass  are  of  Fort  Union  age.  There  is,  moreover,  a  possibility 
that  they  may  be  even  younger,  inasmuch  as  Douglass  has  found  beds 
of  White  River  (lower  OUgocene)  age  to  be  sUghtly  lignitiferous, 
although  this  is  uncommon  in  the  so-called  lake  beds  of  western 
Montana. 

The  deposits  near  Helena  consist  of  a  bedded  series  of  conglomerate, 
sands,  clays,  and  tuffs,  supj)osedly  of  Miocene  age.  West  of  Elliston 
is  an  extensive  area  of  similar  rocks,  which  according  to  Douglass  are 
very  probably  of  lower  OUgocene  age.'  These  beds  are  usually 
sj)okcn  of  as  lake  beds.  It  is  noteworthy  that  there  are  two  very 
similar  sets  of  lake  beds  in  western  Montana — one  of  lower  OUgocene 
age  and  the  other  upper  Miocene — lithologicaUy  alike  and  discrimi- 
nable  only  by  their  mammalian  fauna. 

IGNEOUS   ROCKS. 
DACITES. 

GENERAL   CHARACTER    AND    DISTRIBUTION. 

Dacitcs,  consist  ii)g  of  a  bedded  succession  of  hivas,  tuffs,  and  brec- 
cias, form  a  notable  accuiDulaticm  of  volcanic  rocks  in  the  area  imme- 
(Hately  west  of  Wickcs,  an<l  more  csj)ecially  in  the  area  west  of  Basin. 
Thoy  arc  j)rosent  hen*  in  groat  volume  and  extend  southwestward  to 
Butte,  where  they  form  Bi^  Butte,  from  which  that  city  takes  it 
name.  They  occur  also  east  of  SilverCity,  in  the  northern  part  of  the 
region  considered  in  this  n*|>ort. 

Although  the  dacites,  wIkmi  examined  in  detail,  c(miprise  a  num- 
ber of  varieti(*s,  they   disj)lay  in  general   a   remarkable  uniformity. 


'  Tenth  Census,  vol.  10,  iss»).  p.  ;:«. 

•  l)ouKlas.s,  Karl.  FossilManimaliaof  the  White  River  beds  of  Montana:  Trans.  Am.  Philos.  Soc.«  new 
vol.  70,  1902,  p.  244. 
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The  commonest  variety  of  dacite  is  a  porous  asli-gray  rock  carrying 
a  multitude  of  piacrioclase  feldspar  and  quartz  phenocrysts  inter- 
spersed with  small  brilliant  black  flakes  of  biotite.  The  size  and 
abundance  of  the  feldspar  and  quartz  phenocrysts  is  the  charac- 
teristic feature  of  the  dacites.  The  feldspars,  many  of  which  are  an 
inch  long,  together  with  the  quartzes  make  up,  as  a  rule,  half  the 
bulk  of  the  rock. 

The  dacites  are  unusually  well  exposed  along  the  sides  of  Boulder 
Valley  west  of  Bernice  to  the  mouth  of  Lowland  (Veek.  Tuffs  ox- 
posed  on  both  sides  of  the  valley  prove  that  the  bedding  is  horizontal. 
This  is  the  more  noteworthy  because  the  flow  banding  in  tlio  lava 
sheets  is  commonly  vertical  and  certain  lavas  show  a  platy  structure 
standing  at  a  high  angle.  Swirl  structures  are  common.  Lava,  other- 
wise massive,  in  places  contains  large  irregular  inclusions  of  breccia, 
which  are  enwreathed  by  a  platy  parting  in  the  lava. 

The  section  west  of  Bernice  shows  that  here  the  dacitic  rocks 
attained  a  thickness  of  at  least  2,400  feet.  The  surface  on  wliich  they 
were  erupted  was  one  of  considerable  relief  carved  in  the  granite  and 
andesite.  A  section  of  this  old  surface  is  well  exposed  in  a  railroad 
cutting  near  the  Great  Northern  tunnel,  south  of  Wickes.  Here  at  the 
base  of  the  dacite  series  occurs  a  stratum  of  dacite  tuff  resting  on  an 
old  stony  soil  derived  from  the  underlying  andesite.  The  surface  is 
of  moderate  but  irregular  relief,  and  the  tuff  bod  conforms  completely 
to  the  underlying  topography,  proving  that  the  tuff  here  is  a  wind- 
borne  deposit.  Jx)cally,  as  near  the  Minah  mine,  conglomerate 
carrying  well-rounded  cobbles  up  to  12  inches  long,  some  of  them 
dacite  but  most  of  them  andesite  and  aplite,  is  associated  with  tuff 
and  lava  sheets  and  doubtless  indicates  the  operation  of  fluviatile 
agencies  durmg  the  eruption  of  the  dacites. 

Dikes  of  dacite  traverse  the  quartz  monzonite  and  the  andosite- 
latite  series.  At  some  localities  these  dikes  are  remote  from  areas  of 
the  corresponding  surface  rocks.  Because  of  their  highly  porphyritic 
character  such  dikes  may  easily  be  mistaken  for  granite  poq^hyry  or 
quartz  diorite  porphyry  dikes.  The  porphyries  that  followed  closely 
the  great  granite  irruption,  however,  are  far  more  granuhir  than 
the  dacites,  and  they  do  not  resemble  the  dacites  of  the  region,  which 
have  their  own  characteristic  appearance*.  (Vrtain  of  the  dacite 
dikes  have  chilled  margins  showing  a  ropy  structure,  a  feature  which 
indicates  intrusion  comparatively  near  the  surface. 

PETROCmAI'HY. 

As  already  stated,  the  dacites  are  light-colored  porphyries  inclosing 
phenocrysts  of  plagioclase,  quartz,  and  biotite  embedded  in  an 
aphanitic  groundmass.  The  feldspar  is  clear  and  glassj'  and  Is  visibly 
striated,  so  that  its  plagioclase  character  is  obvious  to  the  eye.     The 
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quartz  is  colorless,  differing  in  this  respect  from  the  prevailingly 
smoky  cliaracter  of  the  quartz  ui  the  rliyolites  of  the  region.  It  varies 
hi  amount  in  different  rocks,  being  abundant  in  some  and  absent  in 
others.  Those  d(»void  of  quartz  would  be  termed  biotite  andesites. 
Although  such  andesitic  phases  occur  at  a  number  of  places,  they  are 
(comparatively  rare.  Biotite  is  universally  present,  commonly  as 
small  thin  hexagonal  plates,  but  no  other  ferromagnesian  mineral  is 
found.  Under  the  microscope  the  rocks,  which  are  ideally  fresh, 
are  found  to  show  essentially  similar  features  in  specimens  from  widely 
separated  localities.  The  ratio  of  groundmass  to  phenocrysts  approxi- 
mates 1  to  1.  The  porphyritic  feldspars  are  andesine,  as  a  rule 
slightly  more  calcic  than  Ab^An^.  Sanidine  is  absent  from  the 
phenocrysts,  as  shown  by  the  Becke  test  on  all  unstriated  feldspar 
sections.  In  one  specimen  only,  from  Sugarloaf  Mountain  (exam- 
ined because  of  all  the  dacites  it  exhibits  the  nearest  resemblance  to 
the  rhyolites  of  the  region),  were  sanidine  phenocrysts  associated 
with  the  andesines.  The  quartz  is  generally  much  fractured  and 
shows  corrosion  and  embaymcnt.  Biotit^^  is  present  in  idiomorphic 
crystals  and  may  be  fluidally  arranged  around  the  plagioclase  pheno- 
crysts. The  groundmass  ranges  in  different  specimens  from  glassy 
to  microcrystalline.  The  microcrystalline  form  is  best  developed  in 
those  rocks  occurring  as  dikes.  Where  the  constituents  of  the  ground- 
mass  are  determinable,  they  appear  to  consist  largely  of  sanidine  and 
quartz.  Apatite  and  zircon  are  present  as  accessory  minerals,  but 
magnetite  is  absent  in  all  specimens  examined. 

According  to  the  prevailing  qualitative  classification,  the  rocks  are 
clearly  biotite  dacites.  It  has  been  pointed  out  by  Rosenbusch ' 
that  the  dacites  fall  into  two  rather  distinct  groups — the  liparitic 
(rliyolitic)  dacites  and  the  andesitic  dacites.  Mineralogically  and 
texturally  the  first  group  is  closely  related  to  the  rhyolites  and  is 
characterized  by  the  dominance  of  biotite  and  amphibole  among  the 
feniic  plienocrysts.  The  second  is  in  an  analogous  way  related  to  the 
andesites  and  is  characterized  by  the  dominance  of  pyroxene  among 
the  porphyritic  minerals.  The  dacites  of  the  region  are  rhyolitic  in 
aflinity.  It  is  noteworthy  perliaps  that  despite  their  great  develop- 
ment biotite  is  uniformly  the  sole  ferromagnesian  mineral  to  appear 
as  a  })orpliyritic  constituent.  In  the  Butte  folio  these  rocks  at 
Butte  were  called  rhyolites,  but  subsequently  they  have  been  termed 
rhyolitc-daeites.^  The  rock  at  IVi^i;  Butte  is  stated  to  grade  from 
rhyolite  through  rhyolite-dacite  to  dacite.  Apparently  there  is  a 
greater  mixture  of  vari(»ties  at  Butte  than  there  is  farther  north. 
The  analysis  cited  is  that  of  a  typical  dacite.* 

I  Koseubusch,  U.,Mikroskopisch«  Physiographio  derrnassipen  (!esteiiie.4th  ed.,  vol.  2,pt.  2, 1908,p.  VQQ. 
3  Weed,  W.  U.,  lieology  and  ore  deposits  of  the  Uutte  di:>tnct,  Mout.:  Prof.  Paper  U.  S.  Geol.  Survey  Na 
74,  lyiJ,  p.  4;J. 
*  Idem.  p.  46. 
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AOB  OP  THE   DAaTES. 


No  evidence  closely  fixing  the  age  of  the  dacites  was  found  within 
the  region.  Their  general  Tertiary  ago  is  indicated  by  the  fact  that 
they  rest  on  the  deeply  eroded  surface  of  the  Boulder  batholith. 
Weed,  however,  has  found  that  the  eruptions  were  contemporaneous 
with  the  deposition  of  lake  beds  west  of  Butte.  These  are  of  upper 
Miocene  age.^ 


RHYOUTES. 

GENERAL    CHARACTER    AND    DISTRIBUTION. 


A  series  of  rhyohtes  rests  on  the  eroded  surface  of  the  older  rocks. 
Rhyolites  are  conspicuously  developed  near  Kimini,  where  they  form 
the  capping  of  Red  Mountain,  whose  commanding  summit  is  a  promi- 
nent landmark  for  many  miles  around.  They  crown  the  sunmxits 
of  many  of  the  neighboring  mountains  and  form  the  bedrock  of  the 
well-known  "porphyry  dike''  country.  They  occur  at  EUiston,  and 
on  the  Continental  Divide  north  of  Mullan  Pass;  they  form  small 
scattered  patches  east  of  Helena  and  occur  in  some  abundance  in  the 
mountauis  east  of  Clancy. 

The  relief  of  the  surface  on  which  they  were  erupted  has  an  extreme 
range  of  3,600  feet — from  an  altitude  of  7,600  feet  on  Red  Mountain 
down  to  4,000  feet  in  Prickly  Pear  Valley.  At  Rimini  the  relief  was 
2,000  feet  in  a  horizontal  distance  of  less  than  a  mile.  Thus  it  appears 
that  the  rhyolites  were  poured  out  on  a  surface  as  highly  accidented 
as  the  present  surface  and  whose  configuration,  as  shown  by  the  dis- 
tribution of  the  rhyolites,  was  broadly  similar  to  the  existing  topog- 
raphy. 

The  rhyolites  are  mainly  lithoidal  lava  flows,  but  include  some 
breccias  and  obsidians.  They  display  a  great  variety  of  texturt»s 
and  colors,  including  grayish  blue,  red,  ])ink,  and  white.  Nearly 
universal  features  are  pronounced  streakiness  and  flow  banding, 
abundant  quartz  phenocrysts,  conmionly  smoky,  and  clear  glassy 
sanidine  phenocrysts.  Dark  minerals,  such  as  biotite  and  horn- 
blende, are  not  present  in  most  of  the  rhyolites;  some  few  show  a 
scattering  development  of  biotite.  Ijithophysa^  occur  locally  in 
notable  abundance  and  perfection. 

A  platy  or  laminated  structure  parallel  to  the  flow  banding  is 
common,  causing  the  rhyolites  to  break  in  thin  slabs.  In  j)laces,  as 
west  of  EllisUm  and  on  Minnehaha  Creek  near  Kimini,  there  is  a  pro- 
nounced columnar  structure.  The  culumns  are  irregular  four  aiul 
five  sided  prisms  up  to  6  feet  in  length.  Single  colunms  may  show- 
different  sets  of  flow  bands,  making  widely  different  angles  with  tht» 
same  prism  edge,  a  feature  proving  conclusively  that  the  flow  band- 
ing is  no  criterion  of  the  original  attitude  of  the  surface  on  which  the 

I  Weed.  W.  H..  op.  cit.,  p.  4ti. 
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rhyolites  were  extruded.  In  fact,  flowage  lamination  standing  at 
angles  ranging  from  0°  to  90°  was  found  at  various  places  throughout 
the  region. 

The  thickness  of  the  rhyolit^*  series  is  not  well  known,  because  the 
bedding  or  order  of  superposition  of  the  lava  flows  is  not  easily  recog- 
nizable. On  Red  Mountain  they  aggregate  at  least  600  feet  and  may 
be  as  much  as  1 ,200  feet. 

The  rhvolite  series  consists  of  rhyolites  only;  neither  dacit^s, 
quartz  latites,  nor  other  transitional  rocks  are  associated  with  them. 
They  differ  notably  in  appearance  from  the  dacites  of  the  region,  which 
are  of  general  rhyolitic  habit,  and  in  fact  have  been  termed  rhyolites 
at  Butte.  They  lack  the  extraordinarily  prominent  porphyritic 
development  of  the  dacites,  which  is  expressed  by  the  abundance  of 
unusually  large  phenocrysts  of  quartz  and  plagioclase.  They  lack 
also  the  biotite,  so  common  in  the  dacites.  Lithophysse,  smoky 
quartz  crystals,  and  streakiness  are  restricted  to  the  rhyolites. 
There  is  some  possibility  that  the  far  older  latites,  which  are  light 
colored  and  show  pronounced  streakiness,  especially  those  in  the 
country  north  of  Thunderbolt  Mountain  and  at  the  headwaters  of 
Little  Blackfoot  River,  may  be  mistaken  for  rhyolites.  However, 
.  the  latites  show  no  quartz  phenocrysts  nor  do  they  have  the  fresh, 
unaltered  appearance  that  characterizes  the  rhyolites.  West  of 
Elliston  some  black  glistening  basalt  carrying  large  amber-colored 
phenocrysts  of  plagioclase  is  found,  and  this  is  one  of  the  few  excep- 
tions to  the  nile  that  the  rhyolite  series  is  free  from  rocks  of  other 
types. 

PETROGRAPHY. 

The  rhyolites  are  light-colored  porphyries  carrying  phenocrysts  of 
quartz  and  sanidine.  The  quartz  phenocrysts  average  one-tenth  of  an 
inch  in  length  and  the  sanidine  phenocrysts  are  perhaps  twice  that 
size;  together  they  make  up  between  10  and  20  per  cent  of  the  rock. 
The  groundmass  of  the  lithoidal  rhyolites  ranges  from  material  of 
rough  fracture  to  that  of  enamel-like  api)ea ranee. 

Under  tlie  microscope  the  phenocrysts  are  found  to  consist  of 
corroded  and  embayed  quartz  and  idioniorphic  sanidine  crystals;  no 
plagioclase  ])lieno('rysts  have  been  detiTted.  The  groundmass 
coininoiily  shows  a  niicrocrvstalliiie  development ;  How  streaking  is 
tj:<*ii<M'ally  present. 

A  (•heinicai  analysis  of  a  rlivolit*'  from  the  summit  of  Red  Mountain 
near  iiimini  is  available  '  and  is  doubt  less  typical  of  the  rhyolites 
gen<*raliy.     Tills  rhyolite  sliows  numerous  dark  smoky  quartz  and 

'  Cited  l»y  F.  W.  Clarke  in  Aualys»*s  of  rocks  and  inliK-rals  from  the  laboratory  of  the  United  States 
(;eoU)gi<-ai  Survey,  l!«sO-iyoS:  Hull.  U.  S.  (Jeol.  Sur\ey  No.  419,  1910,  p.  w;  the  rock  has  not  hitherto  beeo 
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clear  vitreous  sanidine  phenoerysts  inclosed  in  a  groundniass  remark- 
ably mottled  and  streaked.  The  general  color  of  the  rock  is  gray, 
diversified  by  mottlings  and  bands  of  various  colors,  among  which 
dark  red  is  especially  prominent.  Along  some  of  the  flow  bands  the 
roi'k  is  porous.  Microscopically  the  quartz  phenoerysts  are  seen  to  be 
corroded  and  embayed,  whereas  the  sanidine  crystals  are  compara- 
tively intact.  Some  of  the  crystals  show  that  they  were  broken  by 
flowage  movement  with  the  coohng  lava.  Many  of  the. quartz 
crystals  are  surrounded  in  optical  continuity  by  aureoles  of  quartz 
inclosing  feldspar.  The  quartz  crystals  are  commonly  much  cracked. 
The  sanidine  phenocrj^sts  are  beautifully  dear  and  fresli;  optical 
tests  show  that  they  are  nearly  uniaxial.  The  groundmass  is  holo- 
crystalline  and  cutaxitic,  and  in  places  is  considerably  pigmented 
with  hydrated  iron  oxide,  which  is  in  part  a  later  infiltration  along  the 
flow  bands.  Mineralogically  the  groundmass  consists  of  feldspar 
and  quartz;  the  fabric  is  different  in  different  flow  streaks  but  Ls  com- 
monly microgranitic  and  micropoikilitic,  with  sporadic  spherulitic 
growtlis.  Doubtless  the  groundmass  contains  much  albite,  but  it 
can  not  be  easily  differentiated.     Zircon  is  present  as  a  rare  accessory. 

Analysis  of  rhyolite  from  top  of  Red  Mountain,  Rimini, 

[TI.  N.  stokes,  analyst.] 


SiO, 75.30 

AlA 11.95 

Fe.03 1 

FeO /  ^-^^ 

MgO 05 


HjO  above  110° O.fil 

TiOa 17 

P2O5,  MnO.  BaO,  LioO,  CI Trace. 

SrO,  CO2 None. 

SO3 44 


CaO 62  I  Oi^ganic  matter 45 

Na.>0 3.09  I 


KoO 4.9G 

HlOat  110° 3« 


100.  17 


AGE    OP   THE    RHYOLITES. 


The  rhyolite  series  seems,  because  of  its  general  petrographic  homo- 
geneity, to  represent  an  outburst  of  vohanic  activity  distinct  from 
that  of  the  dacitic  eruptions  which  are  known  to  hav(^  takc^n  ])lac(» 
in  upper  Miocene  time.  However,  as  tlic  rliyolitcs  liuvc  not  been  found 
in  contact  with  the  dacites,  their  rchition  to  the  dacitr^s  is  not  known. 
If  they  were  not  contemporaneous  with  tlic  dacites,  tlicv  prohahly 
represent  a  somewhat  younger  period  of  volcanism,  as  tlicv  were 
erupted  upon  a  surface  broadly  similar  to  tliat  of  tlic  prcs<'iil. 

QUATERXAKY   SYSTEM. 

The  Quaternary  deposits  consist  of  alluvial  gravels,  sands,  and 
silts.     Patches  of  high  bench  gravels  occur  at  many  localities,  but  on 
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account  of  their  small  size  are  not  shown  on  the  map  (PI.  I).  Glacial 
deposits  were  noted  at  Elkliom,  at  Red  Rock  Creek,  and  on  little 
Blackfoot  River,  but  because  they  are  of  small  extent  and  no  special 
study  of  them  was  made  they  have  also  not  been  differentiated. 

THE  ORE  BODIES. 
GENERAL  CHABACTER. 

The  ore  bodies  of  the  region,  classified  according  to  metallic  con- 
tents, are  principally  silver-lead  and  gold-silver  deposits.  These  two 
classes  include  practically  all  the  productive  deposits  of  any  impor- 
tance, both  past  or  present. 

The  silver-lead  ore  body  of  the  Alta  mine,  having  an  accredited 
output  of  $32,000,000,  has  been  the  largest  producer;  next  in  order 
comes  the  Drumlummon,  the  premier  gold-silver  mine,  with  an 
output  of  $15,000,000. 

The  deposits,  classified  according  to  age  of  origin,  fall  into  two 
distinct  groups  formed  during  widely  separated  periods  of  mineraliza- 
tion. Both  groups,  based  on  this  age  distinction,  include  silver-lead 
and  gold-silver  ores,  but  heavy  lead  ores  are  not  common  in  the  lodes 
of  the  younger  set,  which  are  mainly  valuable  for  their  content  of  the 
precious  metals. 

The  older  group  of  metalliferous  deposits  was  formed  subsequent  to 
the  intrusion  of  the  Boulder  batholith  and  prior  to  the  eruption  of 
the  rhyolitic  and  dacitic  lavas;  the  younger  group  was  formed  after 
the  extrusion  of  the  volcanic  rocks.  The  older  deposits  are  probably 
of  late  Cretaceous  or  early  Eocene  age,  and  the  younger  are  surely  of 
post-Miocene  agt».  A  number  of  the  older  deposits  have  been  shat- 
tered and  broken  and  subsequently  recemented  by  quartz  of  the 
stMond  period  of  mineralization,  so  that  composite  ore  bodies  were 
])roduced.  Whether  any  important  addition  to  the  metallic  contents 
of  the  older  (h'posits  accompanied  tlie  new  mineralization  could  not 
he  determined. 

That  a  lon<^  i)erio(l  of  time  intervened  between  the  formation  of  the 
ohler  and  the  younger  (k^posits  is  indicated  by  the  geologic  history  of 
th<»  rt^gion.  The  rocks  covering  the  granite  were  largely  removed 
by  erosion,  the  granite  was  deeply  dissected  to  an  uneven  surface, 
and  on  this  surface  there  was  erupted  a  considerable  mass  of  volcanic 
rocks  (hieitic  lavius,  tuH's,  and  breccias- -to  the  thickness,  locally  at 
h'ast,  of  2,400  feet.  Following  this  volcanic  outburst  came  the 
second  period  of  mineralization. 
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According  to  the  classification  of  Lindgren,*  it  will  be  seen  that 
many  minerals  of  the  earlier  group  are  characteristic  of  ore  deposits 
formed  under  deep-seated  conditions,  whereas  those  of  the  later  group 
belong  to  those  of  shallow-zone  origin. 


OLDER  ORE  DEPOSITS  (LATE  CRETACEOUS  P). 

CLASSIFICATION. 

The  ore  deposits  of  the  first  period  of  mineralization  are  mainly 
silver-lead  lodes,  but  include  some  gold  and  some  copper  deposits. 
They  are  here  classified  on  a  genetic  basis,  altliough  this  has  certain 
practical  disadvantages.  They  are  grouped  as  (1)  magmatic  deposits, 
(2)  contact-metamorphic  deposits,  and  (3)  lodas  and  veias. 

The  third  group  embraces  most  of  the  ore  bodies  of  the  rc^^ion. 
This  group  may  be  further  subdivided  on  the  basis  of  the  })redoniinant 
metasomatic  process,  in  acconhmce  witli  the  classiiication  of  Lind- 
gren,  as  tourmalinic  lodes  and  sericitic  lodes.  The  separation  of  the 
tourmalinic  from  the  sericitic  lodas  is  somewhat  arbitrary,  inasmuch 

I  LiDdfren,  WaMemar,  The  relaUon  of  ore  deposition  to  physical  condiliou:  Ecuu.  <  ieohigy,  vol.  i,  I9u7, 
M22. 
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as  the  tourmaliiiic  lodes  are  also  sericitic  and  transitional  forms  occur 
from  highly  tourmalinic  to  nontourmalinic.  This  subdivision  has 
the  disadvantage  of  separating  into  different  groujw  ore  bodies 
having  similar  metallic  contents.  In  the  following  pages,  therefore, 
the  sericitic  veins  are  not  accorded  extended  treatment,  because  the 
evidence  seems  clear  that  they  represent  a  slightly  less  energetic 
phase  of  the  tourmalinic  mineralization. 

MAQMATIC   DEPOSITS. 

The  single  representative  of  this  class  found  within  the  region  is 
in  the  Golden  Curiy  mine  at  Elkhom.  The  ore  body,  consisting  of 
an  intergrowth  of  pyrrhotite  and  chalcopyrite  with  augite,  is  inclosed 
in  quartz  monzonite  and  represents  a  local  differentiation  and  segre- 
gation in  the  magma. 

CONTACT-xMET AMORPHIC    DEPOSITS. 

A  number  of  contact-metamoq)hic  deposits  occur  throughout  the 
region  but  as  a  rule  are  of  small  economic  importance.  They  are 
invariably  situated  near  the  contact  of  limestone  with  quartz  mon- 
zonite or  a  related  granitic  rock.  They  consist  of  a  simultaneous 
intergrowth  of  the  ore  minerals  with  various  silicates,  among  which 
an  iron-bearing  garnet,  probably  andradite,  is  usually  present.  In 
some  ore  bodies,  however,  the  generation  of  the  ore  minerals  seems 
to  have  persisted  somewhat  longer  than  that  of  the  silicate  minerals. 
Deposits  valuable  for  gold,  for  copper,  and  for  iron  have  been  found. 

The  largest  ore  body  of  this  type  is  the  auriferous  deposit  of  the 
Spring  Hill  mine,  near  Helena,  which  has  been  worked  on  an  exten- 
sive scale.  This  deposit  lies  at  the  contact  of  a  small  mass  of  diorite 
intrusive  into  the  Madison  limestone.  The  ore  minerals  are  pyrite 
and  pyrrhotite;  in  places  the  pyrrhotite  forms  solid  masses  several 
feet  in  length  and  width.  They  are  usually  tussociated  with  a  fine- 
gniined  aggregate  of  lime-silicate  minerals,  forming  an  exceedingly 
hard  and  tough  rock,  but  are  also  disseminated  in  grains  and  blebs 
through  the  pure  limestone. 

Another  auriferous  deposit  of  contact-metaniorphic  origin  is  the 
Dolcoatli  ore  stratum  at  Klkhorn,  earrying  telluride  and  sulphide  of 
hisiuuth  and  (•halc()|)yrite  intergrown  with  an  iron-bearing  garnet, 
(liopside,  and  calcitc*. 

C(»ntact-ine(ani(»rpliic  (•(>|)per  ore  lias  hern  e\j)l<)it(*d  to  some  extent 
near  KlHston,  whore  an  oxidized  (•o|)per  ore  intergrown  with  garnet 
and  calcite  was  mined. 

Bodi(*<  of  nuignetite  ore,  associated  with  andradite  and  lesser 
amounts  (»f  axinite,  have  h(MMi  mined  as  fluxing  nniterial  at  Elkhom; 
ihev  carry  also  minor  (juantities  of  copper  and  gold. 
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An  aberrant  type  of  ore  deposit  is  represented  by  the  Blue  Bell 
mine,  near  Mullan  Pass.  This  deposit  consists  of  a  lode  of  garnet 
rock  traversing  the  monzonite  and  carrying  locally  chalcopyritc, 
molybdenite,  and  pyrite.  The  contact  of  the  garnet  rock  with  the 
inclosing  monzonite  is  blurred  and  shows  gradual  transition  from 
garnet  rock  to  monzonite.  Branch  veinlets  of  garnet  break  off  at 
right  angles  to  the  larger  veins.  The  adjoining  monzonite  shows 
unusual  metasomatic  alteration,  apparent  even  macroscopically. 
When  examined  microscopically  the  most  intensely  altered  monzo- 
nite is  found  to  consist  of  scapolite  in  broad  plates  poikihtically  inclos- 
ing garnet.     Other  details  are  given  under  Elliston. 

Tlie  deposit  is  in  many  respects  analogous  to  that  at  Mackay, 
Llaho,  described  by  Kemp,^  which  consists  of  pipes  of  cupriferous 
garnet  rock  inclosed  in  quartz  porphyry.  Whatever  explanation  is 
adopted  for  the  Blue  Bell  deposit,  at  least  the  conclusion  is  incontro- 
vertible that  the  garnet  molecule  was  able  to  migrate  and  form  vein- 
like  deposits  under  the  influence  of  solutions  that  carried  clilorine, 
as  shown  by  the  accompanying  scapolitization. 

TOURICALINIC   LODES. 
VABZXTXS8  or  OBES. 

A  striking  feature  of  many  of  the  ore  deposits  of  the  earlier  group 
is  their  abundant  content  of  tourmaline.  This  mineral,  as  is  well 
known,  is  of  comparatively  rare  occurrence  in  ore  deposits  other  than 
tin  lodes.  It  is  found  associated,  to  some  extent,  with  gold  ores  at 
various  localities  and  with  gold-copper  ore,  notably  in  Chile.  It  is 
therefore  a  matter  of  considerable  interest  that  tourmaline  is  a  com- 
mon gangue  and  metasomatic  mineral  in  the  ores  of  this  region. 

The  ore^  include  varieties  differing  widely  in  mineralo^ic  character 
and  metallic  content.  On  this  basis  throe  types  can  he  distin- 
guished— (1)  tourmalinic  silver-lead;  (2)  tourmalinic  silver-copper; 
(3)  tourmalinic  gold. 

In  connection  with  the  prevalence  of  tourmaliiiiferous  ore  (le|)osits 
in  the  region  it  is  worthy  of  note  that  cassitcrite  was  frecjuently  found 
in  the  gold  placers  in  early  days  in  Tenmilo  Crock,  in  Prickly  P(^ar, 
and  in  many  others.  It  has  nowhoro  yet  been  found  in  its  bedrock 
source.  The  cassiterite  was  commonly  in  tlio  form  of  wood  tin,  a 
form  recognized  by  German  authors  as  of  secondary  origin.  It  is 
probable  therefore  that  the  cassiterite  was  derived  from  the  erosion 
of  the  oxidized  croppings  of  lodes  carrying  slightly  stannif(Tous 
sulphides. 

I  Kmnp,  J.  F.,  The  White  Knob  copper  deposits,  Mackny,  Idaho:  Trans.  Am.  lust.  NTio.  Eng..  vol.  38, 
1907,  pp.  X9-29S. 
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TOTTBHALDnC  SILVBR-LBAD  DEPOSITS. 
DBBCRIPnON. 

The  silver-lead  deposits  are  the  most  important  group  of  the  tour- 
maliiiic  lodes;  they  have  given  rise  to  the  largest  number  of  mines  and 
have  yielded  the  greatest  metallic  output.  This  is  the  more  note- 
worthy in  that  they  constitute  a  group  of  ore  deposits  that  is  unique 
so  far  as  shown  by  the  literature  of  economic  geology. 

They  are  developed  most  strikingly  at  Rimini,  where  tourmaline 
forms  the  dominant  metasomatic  mmeral  of  the  ore  at  certain  mines, 
notably  the  Lee  Mountain  and  the  Valley  Forge.  At  Wickes  the 
Alta  lode,  which  has  been  by  far  the  most  productive  ore  body  in 
the  region,  shows  pronouncjed  tourmalinization.  Other  lodes  in  the 
Wickes  district,  such  as  tlio  Comet  and  (irogory,  are  probably  end 
members  of  the  same  type  of  deposit,  but  in  which  the  tourmaliniza- 
tion was  feeble.  Finally,  the  tourmalinic  silver-lead  type  is  repre- 
sented at  Elkhorn  by  the  Queen  mine. 

The  deposits  at  Rimini  afforded  a  better  opportunity  for  examina- 
tion than  those  at  other  localities,  so  their  characteristics  will  be 
presented  in  some  detail. 

The  lodes  are  inclosed  in  quartz  monzonite  of  uniform  composition, 
which  is  quite  similar  to  that  prevaiHng  throughout  the  Boulder 
batholith.  A  pronounced  system  of  jointing  that  trends  N.  85®  E. 
and  dips  80°  S.  traverses  the  quartz  monzonite.  The  joints  as  a  rule 
arc  widely  spaced  and  are  remarkably  plane  and  parallel.  Locally 
they  are  closely  spaced,  as  at  the  falls  of  Beaver  Creek,  above  the 
town  of  Rimini,  and  the  joint  facets  are  coated  black  with  a  tliin  felt 
of  tourmaline  fibers. 

The  ore  bodies  conform  in  direction  to  this  system  of  jointing. 
The  ore  occurs  in  chambers  or  shoots  scattered  through  a  zone  which 
in  a  few  places  attains  an  extreme  width  of  50  feet.  In  this  zone 
the  granite  is  profoundly  altered  by  sericitization  and  is  strongly 
impregnated  with  metallic  sulphides.  Commercial  ore  consists  of  a 
heavy  sulphide  aggregate,  composed  principally  of  galena  associated 
with  s])halorite  and  pjrite.  Arsenopyrite  in  small  amoimt  is  a 
ubiquitous  constituent;  tetrahedritc  and  chalcopyrite  occur  rarely. 
The  ore  is  more  or  less  mixed  with  metnsoinatically  altered  granite, 
but  not  with  vein  quartz  or  other  ganguo  material  common  in  fissure- 
filled  veins. 

The  ores  carrv  approximately  2  ounces  of  silver  to  each  1  per  cent 
of  lead,  and  gold  nmning  as  high  as  $11  a  ton  in  high-grade  ore. 

The  characteristic  feature  that  di.stinguishcs  thes(»  deposits  from 
the  usual  types  of  ore  body  is  that  thcv  are  accompanied  along  one 
wall  or  the  other  by  what  is  termed  locally  a  ledge  of  black  quartz. 
This  ledge  consists  of  a  coal-black  rock  composed  es.sentially  of  an 
intergrowth  of  quartz  and  black  tourmaline.     In  places  the  grain  is 
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SO  dense  that  the  tourmaline  is  not  discriminable  and  the  rock 
resembles  a  black  jasperoid;  in  other  places  the  grain  is  coarser  and 
the  radial  fibrous  structure  of  the  tourmaline  is  readily  apparent. 
Another  phase  of  the  tourmaUnic  rock  shows  a  mottling  due  to 
small  patches  of  vitreous  quartz,  and  is  perhaps  of  interest  because 
of  its  resemblance  to  the  so-called  capel  accompanying  the  cassiterit(» 
lodes  of  Cornwall,  as  determined  by  direct  comparison  with  a  speci- 
men of  capel — a  quartz-tourmaline  rock — from  the  2,S00-foot  level 
of  the  Dolcoath  mine. 

In  places  the  quartz-tourmaline  rock  is  roughly  banded,  owing  to 
the  presence  of  intercalated  slabs  of  sericitized  granite.  This  banded 
phase  indicates  clearly  how  the  tourmalinic  ledge  originated.  The 
black  tourmalinic  bands  mei*ge,  by  diminution  in  the  amount  of 
tourmaline,  into  sericitized  granite.  The  tourmalinization  evidently 
proceeded  from  joint  planes  in  the  granite;  where  the  jointing  wa^ 
closely  spaced  or  the  tourmalinization  was  intense  the  granite  was 
altered  completely  and  solidly  to  a  quartz-tourmaline  rock.  In  this 
way  black  tourmalinic  ledges  were  formed,  extremely  dissimilar  to 
the  granite  from  which  they  were  derived,  and  attained  a  maximum 
thickness,  so  far  as  observed,  of  8  feet.  It  is  noteworthy  that  the 
most  productive  lodes  are  accompanied  by  the  thickest  ledges, 
although,  on  the  other  hand,  ore  does  not  oc<^ur  continuously  along 
these  ledges.  The  tourmalinic  rock  carries  a  varied  amount  of 
metallic  sulphides,  'among  which  arsenopyrite  predominates,  accom- 
panied by  pyrite,  sphalerite,  and  galena.  Locally  it  is  brecciated 
and  traversed  by  thin  veinlets  of  quartz  and  arsenopyrite. 

Black  jasperoidal  tourmaline  rock  from  the  Valley  Forge  mine,  a^ 
shown  by  microscopic  examination,  is  composed  of  quartz  and 
tourmaline  in  approximately  equal  amounts.  The  tourmaline  is  a 
brown  variety,  and  is  present  in  granular,  columnar,  and  acicular 
forms.  Other  minerals  are  arsenopyrite,  pyrite,  sphalerite,  galena, 
sericite,  and  apatite. 

The  manner  in  which  the  tourmalinization  proceeded  is  clearly 
indicated  in  an  open  cut  on  the  probable  eastern  extension  of  the 
Lee  Mountain  lode,  in  the  town  of  Rimini.  A  sketch  of  this  is  given 
in  figure  3.  Twenty  feet  west  of  the  o]>en  cut  a  prospect  shaft 
encountered  some  heavj'  galena  ore  on  this  toiirmalinized  zone. 

The  ore  bodies  occur  in  shoots  alongside  the  tourinalinic  \cd<zo 
matter.  There  is,  however,  complete  though  al)ru|)t  gradation 
between  the  tourmaline  rock  and  the  ore  material.  The  ore  favors 
the  sericitically  altered  granite.  A  certain  definite  tt^ndf^ncv  of  the 
sulphides  to  segregate  during  deposition  is  therefore  evident,  galena- 
rich  ore  tending  to  develop  most  abundantly  in  the  sericitic  phase  of 
alteration.  That  the  development  of  the  sulphides  and  the  tour- 
malinization were  contemporaneous  is  proved  by  the  intergrowth  of 


(:.»•  --ili/i-i'i*-^  *":ii^  '.Ji*-  l-'-jnuMiinf.  .ln'-iher  line  "f  eridence  is  the 
fa'l  :tiai  tiic  ^Bnii*-.  wi.*Tf  ir»T«T^**J  hy  qu^nz-i  >uniuluie  veinlpts 
iii-v'.>j  -ff  iiiK»lli<-  ir'j]}>iiiiie».  U  t'.'-kinii^iniz^.  Bmciiized.  and  impreg- 
tii»t«i  wiili  Brw-n'-pyHt*,  [•ttii*.  sphalerite,  and  galena.  This  indi- 
'»T<-^  \ifV'iXfi  qij<-:n"n  thai  ibe  same  s>>luii>>ns  that  carried  the 
t..';nn«lirie-i<r"'iu'-in;:  .-Ifiiif-m*  'arrieii  ah"  the  metallic  sulphities: 
it  in.iii-iit'-!  f'lnher  liiat  ::ii-re  wa?  :i:^'l.a(.ly  a  lemiem-y  nf  the  t<'ur- 
uiaiim-  t-  ficvt'l..].  -li^'hlly  ahta.i  "f  iLe  s'jliiiudes. 


TLc  'iifin;' -il  j<r-".-^-j—  ii- ■..nii'siiyiiii:  ihe  rumialinn  of  the  t<mr- 
iiinliiiii'  -i]vi-[-l<-n-!  ■I<'t>'>-il>  were  invevti^ateii  tiy  a  series  of  anah'ses 
of  r<^k-  front  tlif  Valley  F"r::e  mint'  at  Riitiini. 

Tiic  iioriiinl  •■i.iiiitr>-  px-k.  taken  at  :J("  feet  fmm  the  finnwall  of  the 
|i.iW-  at  tin-  jiorial  .if  llie  main  tunnel.  i>  a  vi-mparHlively  fre^h  quartz 
iriorizoiiiti.'  '■">iii]ii.-i'il  of  zoiiwl  pU;rii irla.-^  near  Ah;i.Vn„,  onh(K-iase, 
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(jiiai't/..  iiiii'i<>pi-<:iiiittit<'.  hiotite.  unil  lionibleiulu.  with  HcceMsor^' 
iiiii^'ru'iilc.  liliiiiitc.  apiitiic.  ami  zJixiin.  Seririte.  chlorite,  and  iron 
o\ii|i-  iji-i'iir  in  nniiill  ninoiints  iis  secunilurv  iiiiiiemls.  .\i(ered  quiirtz 
tjjiitj/.oiiiti'.  laki-n  fniiii  rock  iidj<>inin<:  iIk-  quartz-tourmaline  ledge 
oij  I  III'  Idiii^'Jii;:  Willi  mill  M-lcctcd  so  ii.s  to  i-oiitain  a  minimum  of  tour- 
jiiiilirif.  if.  II  ciiiiiNc  fiiimtzoso  rock  iimtninin^  rotisiderable  ^losiny 
-crii'iif  ill  fitii'  -ruli-r.  and  pyrite  in  ilccply  sirintcil  ciihes.  Araenopy- 
lilc.  •.pliiLli-iitc.  iinil  ;iiili'iia  are  present  in  lesser  quantities.  Under 
(111'  jiii<To.-,r(,pi-  tjiiarl/.  in  lartro  upticaHy  hiirno^rcnpous  anhedrons  is 
■ii'ri  I')  III-  I  lie  iloiiiinaiil  cunstitucnt :  MTic-iic  and  sulphides  are  coni- 
iiioii.     A  ilcc|i-hj(iwii  ii'cjTi-ri<-li   variety   of  toiimiaiinp  is  present   in 

-iiiiill  ai ml.     Arhcnojiyrili-  is  as  a  nilc  sliaiply  ciTstallinc:  pyrite 

i-  a!~o  well  itvsiiilli/,(-d.  iiul  llic  <;iilfna  ami  s|.li.d(-rite  are  unliedral. 
.\palilc  iinil  /.iiToii  iippi-ar  as  acce.ssorv  niincnds. 

UoiK  tak.-i.  frnr.i  fill-  fool  wall,  and  tl.cn-fori'  seveial  feel  from  the 
loiiiiiiiiliiiir  li-il^'c,  consisis  of  hi^lily  scricitixed  quuilz  monzunile 
iiii|iji-^'iiiiicil  with  jiyiite,  galena,  ui-bciiopyrilv,  and  sphalerite.     The 
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sericite  forms  translucent  waxy  patches  of  light  yellowish-groen 
color.  The  microscope  shows  that  the  component  minerals  are,  in 
order  of  abundance,  quartz,  sericite,  pyrite,  galena,  arsenopyrite, 
and  sphalerite  and  accessory  rutile,  apatite,  and  zircon. 

Analyses  of  fresh  and  altered  vmll  rocks,  from  Riminiy  Mont.,  and  St.  Michaels  Mount, 

Cornwall. 
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1.  Quartz  moiuonite,  fresh,  trom  Rimini,  Mont.    J.  O.  Fairctiild,  analynt. 

2.  Quarts  monzonite,  altered,  from  hanging  wall,  Valley  Forgo  mine,  Rimini,  Mont.    J.  0.  Fairchild, 
analyst. 

3.  QnartK  monzonite,  altnwi,  from  footwall,  Valley  Forge  mine,  Rimini.  Mont.    J.  G.  FairchUd,  analyst. 

4.  Oreiaen  (with  tourmaline  and  topaz),  from  St.  Michaels  Mount,  Cornwall.    W.  Pollard,  analy.st.  * 

It  is  apparent  from  the  analyses  that  the  course  of  alteration  lias 
been  essentially  similar  in  both  wall  rocks:  perhaps  the  fact  is  note- 
worthy, however,  that  the  higli  arsenopyrite  and  low  galena  go  with 
the  tourmaliniferous  phase  of  alteration.  The  pronounced  removal 
of  all  bases  other  than  potash  and  the  low  combined  water — lower 
than  in  the  unaltered  rock — are  striking  features.  The  potash  is  all 
present  in  sericite,  but  the  amount  of  water  is  far  too  low  to  compute 
the  sericite  as  K,0.2H20.3Al203.6Si02,  the  formula  usually  employed. 
In  this  respect  the  alteration  of  these  wall  rocks  departs  from  that 
of  most  sericitized  wall  rocks,  it  being  the  general  experience  that 
water  is  commonly  in  excess  of  the  amount  required  by  the  formula 
K20.2H,().3Al20,.6Si02.  For  purposes  of  comparison  an  analysis  of 
a  ^eisen  from  Cornwall  has  been  added,  which  sh(»ws  a  similar 
deficiency  of  water  with  regard  to  the  content  of  potash.'  But  such 
exam)>lc^  are  rare. 

1  Keld,  riement,  and  Flett,  J.  8.,  Geology  of  the  Land's  End  district:   Mem.  (ieol.  Survey  KiiKiund 
■od  WahM,  1907.  p.  ». 
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To  trace  the  course  of  alteration  more  closely  the  following  c-om- 
putations  have  been  made,  based  upon  the  assumption  of  constant 
volume.  They  bring  out  clearly  that  the  net  increase  of  mass, 
amounting  to  9  per  cent,  has  been  due  chiefly  to  the  introduction  of 
tlio  metallic  sulphides;  that  there  has  been  a  notable  gain  in  iron  (as 
pyrite  and  arsenopyrite),  sulphur,  lead,  arsenic,  zinc,  and  silica;  and 
that  there  has  been  a  heavy  loss  in  all  bases  except  potash,  which  has 
remained  practically  unchanged  in  amount. 

Alteration  of  quartz  monzonite  from  Rimini,  Mont. 
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1.  Chemical  rompoUtion  ofunaltomrl  quartz  monzonito. 

2.  ("homical  I'ompoution  of  altered  qtiartx  moiuonif^. 

la.  Constituenus  in  grams  of  100  cubic  centimeters  of  unaltered  rock. 
2a.  Constituents  in  granw  of  100  cubic  centimeters  of  altemd  rock. 

3.  <;ain  or  loss  in  grams  of  oach  constiluont  during  alteration. 

4.  C.ain  or  loss  in  pen-flnla^e  of  original  mass  of  each  constituent. 

5.  (iain  or  loss  in  percnnta'zo  of  original  mass  of  the  unaltered  rock. 


TOURMALIIflC  Sn^VER-COPPER  DEPOSITS. 

The  principal  rci)reseiitative  of  the  tourinalinic  silver-copper  type 
is  the  Blue  Bird  mine  in  the  WickcvS  dLstrict.  The  ore  at  this  mine 
consists  essentially  of  tetrahedrite  and  ])yritc  intergrown  with  tour- 
maline. S])halorite  and  galena  are  rare  constituents.  The  ore  con- 
tains from  10  to  2')  ounces  of  silver,  li  to  5  j)cr  cent  of  copper,  and 
small  amounts  of  p)l(l. 

Pock(»ts  of  on\  coin])(>sc<l  of  colninnar  arscno])vrite  in  a  matrix  of 
s])halcritc  and  ])vritc  and  carrvin*;  2  ounces  of  ^old  to  the  ton,  have 
been  found  in  lii<jjlily  tonrmalinizcd  dioritc*  ])or])hyry  near  the  lode. 
A  shoot  of  ore  fornicrlv  W(M'ked  carried  ().5()  ounce  of  sjold  and  65 
ounces  silver  a  ton,  hut  it  probably  contained  more  galena  and 
ai-scnopyrite  than  the  ore  now  bein^c  extracted,  which  is  an  argen- 
tiferous tetrahedrite  int(»rj^rown  with  tourmaline*. 

Th(*  l)earing  of  these  facts  is  that  the  tournialinic  silver-copper 
type  of  deposit  is  very  ])robably  connected  by  transitions  with  the 
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other  types  of  tourmalinic  lodes  of  the  region.  That  the  tourmalinic 
silver-copper  deposit  of  the  Blue  Bird  mine  differs  from  previously 
described  tourmalinic  ore  bodies,  notably  from  the  tourmalinic  gold- 
copper  type,  has  recently  been  pointed  out  by  the  Winchells.* 

Tourmalinic  ore  bodies,  such  as  the  Eva  May  and  the  Bullion, 
which  carry  pyrite,  tetrahedrite,  galena,  sphalerite,  chalcopyrite, 
and  arsenopyrite  in  variable  amounts  and  are  both  argentiferous  and 
auriferous,  form  transitions  between  all  three  types  of  tourmalinic 
deposits  recognized  in  the  region. 

TOXTRMALINIC  GOLD  DEPOSITS. 

The  only  tourmalinic  deposit  valuable  solely  for  its  gold  content 
is  the  Big  Indian,  situated  in  Jefferson  County,  4  mile.s  south  of 
Helena.  Most  of  the  other  tourmalinic  deposits,  however,  are 
auriferous  to  some  extent;,  and  in  many  the  gold  is  an  important 
constituent.  In  the  Evening  Star  ore,  a  tourmalinic  gold-silver-lead 
ore,  the  gold  is  stated  to  have  run  as  high  as  3  ounces  to  the  ton. 

The  Big  Indian  mine  is  situated  in  the  quartz  monzonite  one-half 
mile  from  the  intrusive  contact  with  the  sedimentary  rocks  lying  to 
the  north.  The  ore  was  taken  out  from  a  large  pit.  In  the  bottom 
of  this  pit  it  can  be  seen  that  the  quartz  monzonite  is  in  places 
extremely  sheeted  by  a  system  of  vertical  joint  cracks.  These  sheeted 
zones  were  loci  of  tourmalinization  and  pyritizatton,  and  probably  of 
auriferous  impregnation.  The  tourmalinized  rock  is  a  medium- 
grained  gray  granitoid,  which  contains  about  as  much  tourmaline  as 
the  unaltered  rock  contains  ferromagnesian  minerals — ai)proximatoly 
10  per  cent.  The  tourmaline  aggregates  are  somewhat  porous  and 
contain  some  yellowish  material  of  undetermined  character.  Under 
the  microscope  the  rock  is  found  to  consist  of  plagioclase,  orthochise, 
micropegmatite,  tourmaline  in  irregular  granular  aggregates,  brown 
mica  in  fan-shaped  groups,  magnetite  apparently  in  part  epigenetic, 
titanite,  and  apatite. 

According  to  Mr.  James  Winscott,  the  discoverer  of  the  deposit, 
approximately  $110,000  in  gold  was  oxtractod  during  five  years' 
operations  of  the  old  10-stanip  mill  formerly  on  the  ])roperty.  The 
ore  averaged  $5  a  ton  and  some  clean-ups  ran  9S5  fine.  Subsequently 
the  property  was  sold  and  a  60-stam])  mill  was  erected,  but  this  is 
now  idle. 

ORIGIN    OF   THE    OLDER    ORE    DEPOSITS. 

The  ore  deposits  of  the  first  period  of  mineralization  are  closely 
related  to  the  intrusion  of  the  quartz  monzonite,  as  shown  by  three 
features:  (1)  Their  geologic  environment,  namely,  their  restriction 

1  WlDcheD,  H.  v.  and  A.  N.,  Notes  on  the  Blue  Bird  mine:  Econ.  Geology,  vol.  7, 1912,  p.  2S9. 
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to  the  vicinity  of  intrusive  contacts  of  the  quartz  monzonite;  (2) 
their  mineralogy;  and  (3)  the  fact  that  a  number  of  them  are  cut 
by  Tertiary  dacite  dikes. 

They  occur  either  at  the  margins  of  the  bathoUth  or  in  remnants 
of  the  roof  under  which  the  quartz  monzonite  was  intruded.  The 
largest  fragment  of  the  roof  that  has  escaped  the  erosion  and  general 
removal  of  the  rocks  formerly  covering  the  bathoUth — the  large 
renmant  of  the  andesitic  roof  west  of  Wickes — has  been  the  great 
treasure  vault  of  the  region.  The  most  productive  mines,  to  name 
only  the  Alta,  Comet,  Gregory,  and  Minah,  were  grouped  in  this 
fragment  of  the  roof  or  along  its  margin. 

This  geographic  restriction  of  the  ore  bodies  to  the  intrusive  con- 
tacts is  not  of  itself  conclusive  proof  that  the  deposits  are  genetically 
related  to  the  intrusion  of  the  quartz  monzonite.  This  is  illustrated 
by  the  MarysviUc  district,  where  a  series  of  lodes  is  massed  along  the 
periphery  of  a  boss  of  quartz  diorite  but  is  not  connected  in  origin 
with  the  intrusion  of  the  plutonic  rock.  It  is  obviously  of  more 
importance  to  show  that  a  close  sequence  in  time  exists  between 
intrusion  and  metallization,  but  that  such  a  sequence  exists  can  be 
shown  in  the  broadest  sort  of  a  way  only.  After  the  granite  had 
consolidated  to  a  considerable  depth  it  was  fractured ;  the  ore  deposits 
were  formed;  subsequently  thf  covering  rocks,  of  unknown  thickness, 
were  stripped  off  and  the  granite  was  deeply  eroded;  and  finally  in 
upper  Miocene  time  the  dacite  lavas  were  erupted  on  this  surface. 

The  geographic  restriction  of  the  ore  deposits  considered  in  con- 
nection with  their  mineralogy  is,  however,  conclusive  proof  of  their 
genetic  dependence  on  the  quartz  monzonite  intrusion.  The  third 
criterion,  the  intersection  of  an  ore  deposit  by  dacite  dikes,  is  not  of 
great  moment,  but  it  establishes  the  fact  that  ore  deposits  so  inter- 
sected were  formed  prior  to  the  second  period  of  mineralization. 

The  ore  deposits,  as  shown  by  their  abundant  content  of  tourma- 
line, were  formed  at  a  high  temperature — a  condition  obviously  ob- 
taining near  the  intrusive  contacts  at  a  time  shortly  after  the  coming 
to  place  of  the  quartz  monzonite  magma.  That  tourmaline  is  an 
index  of  formation  at  high  temperature  is  regarded  as  established  so 
firmly  that  argument  in  support  of  the  fact  is  unnecessary. 

Although  it  se(»ms  clear,  therefore,  that  t  h(»  ore  deposits  are  closely 
linked  in  origin  with  the  intrusion  of  the  quartz  monzonite,  this 
causal  connection  may  ultimately  be  due  either  to  (1)  the  heat  fur- 
nishcd  by  the  magma,  thus  stimulating;  tlic  circulation  of  meteoric 
waters  and  increasing  their  solviMit  powers,  or  (2)  to  the  release  of 
metalliferous  solutions  from  tlu»  cooling  magma,  or  (3)  to  combina- 
tions of  (1  )  and  (2).  The  current  theory  t)f  ore  deposits  holds  that 
the  j)resefice  of  tourmaline,  becaust*  of  its  content  of  boron  and  fluorine, 
is  proof  that  the  (lep<»sits  in  which  it  occurs  were  formed  by  direct 
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exhalations  from  a  cooling  magma.  In  the  ore  deposits  here  con- 
sidered, as  previously  shown,  the  solutions  that  carried  the  elements 
of  the  tourmaline  carried  also  those  of  the  metallic  sulphides,  and  the 
sulphides  were  formed  contemporaneously  with  the  tourmaline.  It 
is  therefore  probable  that  the  ore-depositing  solutions  were  of  mag- 
matic  derivation  and  represent  the  final  manifestation  of  the  intrusive 
energy  of  the  great  quartz  monzonite  invasion. 

The  tourmalinization  and  introduction  of  the  ore  took  place,  how- 
ever, distinctly  later  than  the  intrusion  of  the  aplites,  some  of  wliich 
were  profoundly  altered  by  the  ore-forming  solutions.  The  quartz 
monzonite  magma  was  therefore  not  directly  the  **ore  bringer." 
The  release  of  the  metalliferous  solutions  took  place  at  a  more  ad- 
vanced state  of  magmatic  differentiation;  in  fact,  at  a  stage  succeed- 
ing the  intrusion  of  the  aplite. 

The  formation  of  the  aplite  magma,  as  pointed  out  already,  was 
accompanied,  as  inferred  from  undoubted  facts  observed  in  the  field, 
by  an  increase  in  its  content  of  tourmaline  to  a  proportion  consider- 
ably greater  than  that  in  the  original  quartz  monzonite  magma. 
The  facts  observed  in  the  field  suggest  a  tentative  speculation.  The 
concentration  of  the  tourmaline  in  the  apUte  magma  brought  about 
a  further  differentiation  of  which  the  ultimate  product  was  a  highly 
mobile  solution,  endowed  with  great  migratory  powers.  The  tour- 
maline-quartz-orthoclase  segregations  are  regarded  as  imprisoned  and 
congealed  globules  of  this  final  differentiate.  It  is  noteworthy  that 
the  composition  of  these  tourmahnic  segregations  is  essentially  similar 
to  that  indicated  for  the  ore-forming  solutions  by  the  study  of  their 
metasomatic  activities.  Both  contained  boron,  silicon,  aluminum, 
and  potassium.  Presumably  the  increase  of  tourmaline  in  the  aplite 
magma  was  accompanied  by  a  concurrent  increase  in  the  concentra- 
tion of  the  metaUic  constituents.  But  on  this  point  the  field  evidence 
fails,  for  at  only  one  locality  was  a  tourmaline  segregation  noted  to 
carry  a  sulphide  mineral  (pyrite).  The  phenomena  of  the  ore  (lcj)()siis 
show  that  the  tourmaline  and  the  metallic  sulphides  traveled  together, 
but  the  field  evidence  does  not  show  how  this  association  was  origi- 
nally brought  about. 

SYSTEMATIC  IMPORTANCE  OP  lOURMALINIC  SILVER-LEAD  DEPOSITS. 

As  is  well  known,  a  sharp  distinction  was  drawn  by  French  geolo- 
gists between  the  cassiterite-bearing  veins  and  the  ordinary  sulphide- 
bearing  veins,  the  so-called  '^filons  plombifdres.''  This  division  into 
two  classes  is  recognized  by  Vogt  *  as  valid,  only  that  here,  as  else- 
where in  nature,  transitional  forms  exist.  Certain  such  gradations 
are  pointed  out  by  him,  but  in  conclusion  he  states  that  ^'galena- 
silver  ore  veins  carrying  tourmaline  in  abundance  are  not  known.'' 

I  QiBMlsgrondipoflti:  Sptdal  pabUoAtion  Am.  lost.  Ifin.  EdCm  1W2.  p.  66S. 


54  ORE  DEPOSITS  OF   HELENA   MINING   BEGION,   MONTANA. 

A  review  by  Stutzer  in  1906  of  all  known  tourmaline-bearing  ore 
deposits  confirnis  tliis  statement.  Eight  classes  are  defined,  the 
limits  of  which  are  somewhat  arbitrary,  owing  t^  transitional  forms, 
but  tourmalinic  silver-lead  ore  deposits  do  not  appear  among  them.' 
It  is  therefore  a  matter  of  some  theoretic  interest  to  find  a  series  of 
highly  tourmalinic  galena-silver  lodes  genetically  related  to  the 
intrusion  of  the  Boulder  batholith.  Tourmaline  is  the  most  charuc- 
teristi(*  mineral  of  the  stanniferous  deposits;  here  in  Montana  it  is 
developed  in  extreme  abundance  as  an  accompaniment  ol  silver-lead 
deposits.  Moreover,  the  lodes  have  been  important  producers;  the 
largest  of  these,  the  Alta,  credited  with  a  yield  of  $.'^2,000,000,  appears, 
if  the  stanniferous  lodes  are  excluded,  to  outrank  in  value  of  output 
any  known  ore  body  of  the  tourmalinic  class  of  deposits. 

YOUNGER  ORE  DEPOSITS  (POST-MIOCENE). 

GENERAL   CHARACTER. 

The  ore  deposits  of  the  postvolcanic  mineraUzation  are  essentially 
precious  metal  deposits.  They  include  gohl,  gold-silver,  and  silver 
deposits. 

Unhke  the  ore  bodies  of  the  older  group,  the  younger  ore  deposits 
show  no  signilicant  geologic  distribution.  They  occur  generally 
throughout  the  region  and  are  inclosed  in  rocks  of  all  ages — m  the 
dacites  and  rhyohtes,  in  the  quartz  monzonite.  and  in  the  sedimentary 
rocks.  At  certain  locahties  a  considerable  number  of  productive 
veins  are  massed  together,  giving  rise  to  mining  districts  of  economic 
prominence.  Districts  whose  importance  has  depended  on  veins  of 
late  Tertiary  aj'e  are  Marvsville,  Clancv,  and  l^owland  CYeek.  Besides 
the  veins  of  thc^c  dislri<'ts  there  are  a  large  number  of  widely  scattered 
deposits. 

Th(^  cause  of  the  hxahzation  of  tlie  deposits  in  certain  districts  is 
n<»t  <'lcarly  apparent.  The  most  productive  portion  of  the  Clancv 
district,  that  of  Lump  Gulch,  is  situated  in  the  heart  of  the  quartz 
monzoiiite  area  and  at  a  considerable  distance  from  the  nearest 
ac(-umulation  of  rhvolites;  Lowland  Creek,  whidi  is  14  miles  north  of 
Butte,  is  situated  in  the  middle  of  the  great  dacite  area  extending 
southward  to  Butte;  tlie  geologic  features  do  not  indicate  why  there 
sliould  be  a  grouping  of  deposits  in  these  localities.  On  the  other 
hand,  the  localization  of  the  deposits  at  Marvsville  seems  plausibly 
explicable  as  due  in  ])art  to  the  favoring  influence  of  the  contact  of 
dissimilar  rocks,  inasniudi  as  the  deposits  arc  grouped  around  the 
margin  of  a  (juartz  diorite  stock  in  the  Belt  series. 

Each  of  the  different  districts  shows  a  certain  degree  of  individuaUty. 
but  tli(*  <j:encral  features  in  coninH»n  will  be  pointed  out  here;  the 
detailed  <l(»scripti(»ns  must  be  souglit  unth»r  the  various  districts. 

*  i^tutzer.  O..  Tunnaliu  nihrende  Kobalterzgiinge:  Zeitschr.  prakt.  Geologie,  vol.  14,  1006,  pp.  294-290. 
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The  ore  bodies  are  mainly  fissure  veins  of  branching  and  irregular 
character.  At  Kimini,  however,  there  arc  some  extensive  deposit^)  of 
disseminated  low-grade  gold  ore  in  the  rhyolite.  As  a  rule  the  ore 
bodies  carry  subordinate  quantities  of  sulphides  and  are  worked  for 
their  content  of  precious  metal  alone.  A  prominent  feature  of  the 
deposits  is  the  prevalence  of  cryptocrvstalline  quartz  in  the  gangue 
material.  The  cryptocrystalline  quart// appears  in  three  varieties: 
(1 )  A  dark  gray-blue  flinty  variety,  (2)  a  dense-grained  white  variety 
resembling  porcelain,  and  (3)  chalcedony.  Tliese  three  niocUficatioris, 
however,  are  Ukely  to  be  present  together  in  the  same  deposit,  con- 
fusedly intergrown  and  each  variety  grading  into  the  other.  It  is  not 
uncommon  to  find  veinlets  Uned  with  chalcedonic  quartz  which  toward 
the  central  portion  of  the  veinlets  grades  into  drusy  crystalline  quartz. 

In  some  deposits,  notably  in  some  of  those  inclosed  in  the  dacites  on 
1/Owland  Creek,  the  quartz  is  pseudomorphic  after  a  thinly  himeUar 
calcite.  This  has  given  rise  to  a  gangue  of  characteristic  appearance. 
The  arrangement  of  the  quartz  plates  is  commonly  su(*h  as  to  inclose 
irregular  pyramidal  spaces,  wliicli  are  Uned  with  innumerable  small 
quartz  crystals.  The  plates  are  also  arranged  in  radiating  groups. 
On  fractured  surfaces  the  partial  overlapping  of  thin  superposed 
plates  produces  an  imbricating  structure. 

The  pseudomorphic  lamellar  quartz  is  developed  in  extraordinary 
perfection  in  the  veins  of  Marysville,  where  in  fact  considerable 
quantities  of  unreplaced  lamellar  calcite  still  remain.  Plates  III 
and  IV  are  ])hotomicrographs  of  a  thin  section  of  cal(*ite  ore  from  the 
second  level  of  the  Belmont  mine,  Marysville.  The  lamellar  habit 
of  the  calcite  and  the  extreme  thinness  whicli  tlie  plates  attain- - 
•ome  under  0.001  of  an  inch — are  well  displayed.  Plates  V  and  VI 
show  liigh-grade  ore  from  the  same  mine.  The  ore  consists  wholly 
of  quartz,  much  of  wliich  shows  a  lamellar  struc^ture  in  the  hand 
specimen;  even  in  parallel  light  the  replacement  structure  is  brought 
out  by  the  arrangement  of  inclusions  and  is  confirmed  by  the  belmvior 
between  crossed  nicols. 

METASOMATIC    PROCESSES. 

The  metasomatic  alteration  of  the  wall  rocks  of  tlie  late  Tertiary 
veins  is  principally  in  the  nature  of  a  thorough  sericitization,  accom- 
panied by  the  introduction  of  carbonates  and  locally  by  tlie  develop- 
ment of  chlorite.  The  resulting  product  is  as  a  rule,  widely  different 
in  appearance  to  the  eye  from  the  altered  wall  rocks  of  the  older  veins. 
In  the  wall  rocks  of  the  younger  veins  the  feldspai*s  have,  as  a  rule, 
been  reduced  to  chalky-white  spots  suggesting  kaolin  aggregates, 
but  which  prove  microscopically  to  consist  of  microcrystaUine  seri- 
cite;  the  wall  rock  of  the  older  veins  are  of  green  glossy  appearance, 
due  to  the  development  of  sericite  flakes  sufficiently  coarse  to  be 
distinctly  recognizable  by  the  eye. 
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In  order  to  (ietermine  the  chemical  processes  involved  in  the  altera- 
tions produced  by  the  late  Tertiary  vein-forming  solutions,  analyses 
of  altered  and  unaltered  rocks  adjoining  the  King  Solomon  lode 
were  obtained.  This  lode  traverses  quartz  monzonite  and  consists  of 
parallel  veinlets  of  galena,  splialerite,  and  tetrahedrite  in  a  chalce- 
donic  gangue,  locally  carrying  some  siderite.  The  late  Tertiary  age 
of  tlie  vein  is  proven  by  the'fact  that  it  is  younger  than  the  dacites,  a 
<like  of  which  forms  the  hanging  wall  of  the  lode,  as  described  .on 
pages  104-105.  As  the  quartz  monzonite  is  similar  to  that  at  Rimini, 
the  ulterutions  produced  during  the  two  contrasted  periods  of 
mineralization  are  directly  comparable. 

The  quartz  monzonite  is  remarkably  homogeneous  within  a  radius 
of  several  miles  of  tlie  mine.  It  is  a  coarse-grained  granitoid  of 
subporphyritic  habit,  due  to  the  rude  development  of  large  sporadic 
phenocrysts  of  ortlioclase,  and  consists  of  plagioclase,  orthoclase, 
(piartz,  biotite,  and  honiblende,  with  a  minute  amount  of  finely 
scattered  pyrite.  Under  tlie  microscope  the  plagioclase  is  found  to 
be  a  zoned  andesine  near  Ab^gAufi.  although  the  periphery  is  more 
so(Uc  tlian  tliis:  the  orthoirlase  to  be  coarse  anhedral  and  somewhat 
clouded  or  "watered'*  from  admixed  albite;  and  magnetite,  titanite, 
and  apatite  to  (K^cur  as  accessories,  with  a  small  amount  of  sericite 
as  secondary  mineral. 

The  altered  rock,  taken  from  the  lode  on  the  300-foot  level,  still 
shows  the  original  texture  of  the  subporphyritic  quartz  monsonite; 
quartz  is  easily  nn-ognizalde;  the  plagioclase  is  represented  by  didl 
waxy  aggregates  of  light  yellowish-green  color;  the  dark  minerals 
have  altered  to  silvery  sericite,  and  pyrite  is  present  in  small  amount. 
In  thin  section  it  can  be  seen  that  the  riK'k  has  undergone  pro- 
found clianges.  Quartz  is  tlie  most  abundant  constituent.  Sericite 
forms  exceedingly  line  grained  dense  aggregates,  mainly  localizcnl 
in  the  former  plagioclase  feldspars,  whi<*h  liave  disappeared  entirely. 
Microcline  appeal's  as  large  sporatlic  phenocrysts,  representuig 
tlyiiamicallv  altered  ortliochist'  phenocrysts,  and  microcUne  and 
ortlio4'lase  as  recrystallizatioii  ])ro(hicts  are  present  in  abundance. 
In  the  original  rock  the  orthoclase  was  mainly  in  the  form  of  large 
anhedral  plates;  here  it  is  lin(»r  grained  and  subhedral.  Pyrite  in 
small  crystals  lias  developed  in  the  biotite  and  hornblende  and  is 
intimately  associated  with  siderite.  Another  carbonate,  which  is 
present  as  a  minor  coustituenl,  is  probably  niagnesite,  as  indicate<l 
by  the  chemical  analysis.     Apatite  and  zircon  appear  as  accessories. 

The  notable  mineralogic  feature  of  this  wall-rock  alteration  is  the 
selective  sericitization  that  has  taken  place;  the  soda-Ume  feldspar 
has  been  completely  transformed  to  sericite,  whereas  the  orthoclase, 
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essentially  a  potassium  feldspar,  has  remained  largely  intact,  or  has 
l>cen  in  part  recrystallized,  although  the  admixed  soda  feldspar  has 
been  eliminat'ed  during  the  recrystallization, 

Tlie  mineral  composition  of  the  altered  and  unaltered  rocks,  com- 
pute! from  the  chemical  analyses,  is  tis  follows: 

Mineral  composition  o/fresh  and  altered  quartz  momonite. 


Kixmriz 

Ortboclase  (molecule) 

Albite  (molecule) 

Anorthite  (molecule). . 
Biotile 


Hornblende. 
Mai^etite... 

Tllanite 

Apotite 

Pyrite 

Calcite 

Siderite 


Fresh. 


19.  »> 

18.90 

28.80 

12.78 

8.94 

7.2C 

.70 

.59 

.31 

.13 

1.00 


Altered. 


42.42 
-25.  M 


HagDesite 

Scrlcite 

Water  (excess) . 


.38 


99.66 


.31 
.45 


2.44 

.67 

26.86 

.29 


99.02 


The  specific  gravity  of  the  fresh  quartz  monzonite  as  determined 
on  a  rock  specimen  is  2.714;  calculated  from  the  computed  mineral 
composition  it  is  approximately  2.712.  The  porosity  is  therefore 
probably  very  small. 

The  specific  gravity  of  the  altered  rock  as  determined  on  a  rock 
specimen  is  2.599;  calculated  from  the  computed  mineral  composition 
it  is  approximately  2.695.  The  computed  porosity  is  accordingly 
8.6  per  cent.  The  alteration  of  the  wall  rock  by  the  vein-forming 
solution  has  therefore  been  accompanied  by  a  small  increase  of 
porosity. 

In  the  preceding  computation  the  conventional  formula  of  sericite, 
K,0.2H20.3Al,08.6Si02,  has  been  used.  The  result  conHicts  appar- 
ently with  the  microscopic  diagnosis,  which  indicates  a  considerably 
larger  quantity  of  sericite  than  26.86  per  cent.  Probably  the  use  of 
the  formula  of  a  less  aluminous  mineral,  corresponding  to  Sand- 
berger's  lepidomorphite,  K20.2ll20.2Al208.7iSi02,  or  of  an  admixture 
of  this  mineral  would  yield  a  more  harmonious  result. 

The  chemical  analyses  and  computations  to  show  the  percentage 
gain  or  loss  of  the  different  constituents  during  metasomatic  altera- 
tion follow.  These  computations  are  based  on  the  assumption  that 
the  volume  changes  are  zero;  that  this  assumption  is  fully  justi- 
fied is  proved  by  the  fact  that  the  altered  wall  rock  still  retains 
the  subporphyritic  habit  and  granitic  structure  of  the  fresh  quartz 
monsonite. 
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Comparison  of  fresh  and  altered  quartz  mcmoniUfrom  the  King  Solomon  minej  Clanof, 

Mont. 


1 

2 

U 

aa 

3 

4 

5 

SiOf 

64.40 

15.40 

1.28 

2.71 

1.89 

4.32 

3.53 

4.04 

.16 

.48 

.56 

.49 

19 

.07 

.UG 

.13 

71.22 

15.06 

Trace. 

1.54 

.33 

Tnu*. 

.42 

6.99 

-  .32 

1.52 

.31 

1.50 

.(18 

.05 

None. 

.45 

175.00 

42.00 

3.47 

7.35 

5.13 

11.72 

9.58 

10.96 

185.00 
39.10 

+10.0 

-  2.9 

-  3.47 

-  3.35 

-  4.27 
-11.72 

-  8.49 
+  7.20 

+    6.68 

-  6.90 
-100.0 

-  45.5 

-  83.3 
-100.0 

-  88.6 
+  65.7 

+3.00 
—  1.07 

AlfOi 

FeiOi 

—  L28 

FeO 

MgO 

raO 

4.00 

.K6 

-1.23 
-L57 
—4.32 

NtttO 

KiO 

u,o- 

1.09 
18.16 

-3. 13 
+2.65 

H,0  + 

TiO« 

1.30 
1.52 
1.33 
.52 
.19 
.16 
.35 

3.95 
.81 

3.90 
.28 
.13 

+  2.65 
-  .71 
+  2.57 

+203.8 
-  46.7 
+  193.2 

+  .UK 
—  .26 

rOi 

+  .95 

P,Oj 

MnO 

BaO 

FeSt 

1.17 

+     .82 

+  .30 

99.80 

99.78 

270.58 

258.45 

—4.23 

Specific  eravity 

2.714 

2.599 

1.  ("hemJcal  composition  of  fresh  quartz  monzonite.    J.  O.  Fairchild.  analyst. 

2.  Chemical  composition  of  alterea  quartz  monzonite.    J.  G.  Fain'hild.  analyst, 
la.  (Constituents  in  100  cubic  centimeters  of  fresh  rock. 

2u.  Constituents  in  100  cubic  centimeters  of  altered  roi'k. 

3.  liain  or  loss  in  i^rams  of  each  constituent  during  alteration. 

4.  Gain  or  loss  in  percentage  of  original  mass  of  each  constituent. 
a.  Gain  or  loss  in  percentage  of  original  mass  of  the  fresh  rock. 

The  c.oinputations  show  that  there  has  been  a  net  loss  of  material 
amounting  to  4.23  per  cent.  There  have  been  heavy  gains  in  silica 
and  potash  and  additions  <»f  water  and  carbon  dioxide,  but  these 
gains  are  unable  to  offset  the  heavy  losses  in  alumina,  ferric  and 
ferrous  iron,  magnesia,  lime,  and  soda. 

AGE    AND   ORIGIN    OF  THE    YOUNGER   ORE    DEPOSITS. 

The  ore  deposits  of  this  group  are  post-Miocene  in  age.  This 
determination  is  based  on  the  fact  that  veins  of  this  group  are  inclosed 
in  tlacites  on  Lowland  Creek  which  are  known  to  be  of  upper  Miocene 
age.  It  is  a  fairly  safe  presumption  that  they  were  formed  relatively 
near  the  surface,  although  it  is  to  be  noted  that  if  they  were  formed 
immediately  after  the  cessation  of  volcanic  activity  they  may  possibly 
have  originated  at  a  depth  of  2,400  feet. 

The  cr\'ptocrystalline  and  clialcedonic  character  of  the  quartz 
gangue,  the  content  of  adularia,  and  the  lamellar  calcite  and  pseu- 
doniorphic  quartz  ally  these  veins  on  Lowland  Creek  with  those 
common  in  the  late  Tertiary  lavas  in  the  western  mining  States. 
Many,  such  as  those  at  De  Lamar,  Idaho, ^  and  Jarbidge,  Nev.,*  are 
identical  in  mineralog>^  and  structure.  Furthermore  it  is  perhaps 
significant  that  the  calcite  in  the  veins  from  which  hot  water  is 
trickling  at  Boulder  Hot  Springs  has  a  lamellar  structure;  the  siUca 
in  the  gangue  is  cryptocr\"stalline,  chalcedonic,  and  opaline. 

»  Lindgren,  Waldomar.  Twentiell.  Ann.  Rept.  U.  S.  (Jeol.  Survey,  pt.  :t.  1900,  p.  106. 
>  Schradcr.  F.  ('..  A  reoonnnissauce  of  the  Jarbidge,  Contact,  and  Elk  Mountain  mining  distrtots, 
Elko  County,  Nev.:  Bull.  U.  ti.  Geol.  Survey  No.  497,  1912,  pp.  52-6d. 
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Partly  because  of  the  striking  analogy  between  the  Marysville 
veins  and  those  of  Tjowland  Creek  and  otlier  late  Tertiary  veins 
throughout  the  Western  States  and  partly  because  of  other  reasons, 
as  detailed  under  the  head  of  Marysville  district,  the  deposits  at 
Marysville  are  regarded  as  of  post-Miocene  origin,  although  the 
evidence  from  a  purely  local  study  of  tlie  geology  at  Marysville 
strongly  favors  the  idea  that  the  deposits  are  genetically  related 
to  the  intrusion  of  an  outlier  of  tlie  Boulder  batholitli.  It  is  believed 
in  this  connection  that  one  of  the  more  unportant  results  of  the 
present  investigation  is  tliat  it  shows  clearly  the  nec(»ssity  of  a  broad 
regional  study  in  approaching  the  problems  of  ore  genesis  at  any 
one  locality. 

The  true  silver  veins  of  the  (^lancy  and  Lump  Gulch  districts 
differ  somewhat  from  the  precedmg  deposits,  but  their  late  Tertiary 
age  is  proved  by  the  fact  that  tliey  were  formed  after  the  intrusion 
of  dacitic  dikes.  The  chalcedonic  cliaracter  of  the  gangue  material 
is  in  harmony  with  their  post-Miocene  age;  in  fact  this  feature  is 
alone  sufficient  to  differentiate  them  from  the  older  (late  Cretaceous) 
deposits.  The  study  of  the  wall-rock  alterations  produced  by  the 
ore-formmg  solutions  of  tliis  group  of  deposits  shows  that  the  solu- 
tions were  particularly  rich  in  potassium  and  silica,  and  carried  carbon 
dioxide,  sulphur,  antimony,  lead,  zinc,  copper,  and  silver.  They 
were  strongly  reducing  and  were  deficient  in  iron,  calcium,  sodium, 
magnesium,  and  aluminum.  The  chemical  work  which  they  accom- 
plished shows  that  they  were  ascending  thermal  solutions. 

As  to  the  source  of  these  solutions  the  evidence  is  as  obscure  as  it 
is  correspondingly  clear  for  the  older  or  batholithic  deposits.  These 
deposits  were  formed  from  metalliferous  sohitions  expelled  from  the 
final  differentiate  of  the  quartz  monzonite  magmd.  But  that  the 
post-Miocene  veins  are  related  to  the  intrusion  or  extrusion  of  any 
igneous  rocks  is  not  dear.  That  they  followed  the  extravasation 
of  the  dacites  Ls  obvious,  but  how  close  this  se(|iieiu'e  was  can  not  he 
detennined.  The  distribution  of  tlie  veins  shows  no  signilicunt 
relation  to  the  dacites;  if  the  veins  are  genetically  related  to  the 
dacites  it  might  confidently  be  expected  that  an  unusual  number 
of  veins  would  be  grouped  around  old  volcanic  vents,  where  com- 
munication was  most  ready  with  the  underlying  sources  of  supply. 
So  far  as  the  geology  of  the  region  is  now  known  the  Big  Butte  at 
Butte  is  the  only  recognized  vent  from  which  dacites  were  erupted. 
Nevertheless  the  ore  deposits  at  Butte  were  all  formed  prior  to  the 
eruption  of  the  dacitic  lavas,  which  are  said  to  cover  and  conceal 
them.* 

1  Wtad,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  (ieul.  Survey 
N«w74,l«12,p.4S. 
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COMPARISON   OF  THE   META80MATI0   PBOCB88B8   OF  THE   TWO 

PEBIODB  OF  MINEBALIZATION. 

Tlio  ore  deposits  of  (he  first  period  of  mineralization  are  clearly 
of  high- temperature  origin  and  belong  to  the  so-called  deep-zone 
group  of  deposits;  those  of  the  second  period — the  post-Miocene 
<leposits— belong  to  the  shallow-zone  group.  As  the  older  deposits 
at  Rimini  and  the  younger  deposits  at  Clancy  are  inclosed  in  quartz 
monzonite  of  nearly  similar  composition  direct  comparisons  can  be 
instituted  between  the  metasomatic  processes  operative  during  the 
two  periods  of  mineralization. 

In  the  wall-rock  alteration  of  the  first  period  the  quartz  monzonite 
has  been  transformed  completely  to  a  quartz-sericite  rock  carrying 
abundant  metallic  sulphides;  in  extreme  phases  of  alteration  the 
transformed  rock  is  analogous  to  a  fine-grained  greisen  carrying 
accessory  tourmaline.  In  the  wall-rock  alteration  of  the  second 
period  the  serieitization  has  been  selective;  the  plagioclase  has  been 
completely  altered  to  sericite,  but  the  orthoclase  has  been  unaffected 
by  this  change.  In  further  contrast  to  the  earlier  mineralization 
tlie  introduction  of  metallic  sulphides  into  the  wall  rock  has  been 
insignificant,  but  water  and  carbonates  have  been  introduced  in 
noteworthy  amounts. 

In  order  to  facilitate  the  comparison,  certain  of  the  analyses  and 
computations  are  assembled  in  the  table  below. 

Comparison  of  fresh  and  altered  quartz  mojizonite  from  Rimini  and  CUmcjf, 


1 

2 

la 

2a 

lb 

2b 

SlOt 

(»5.91 
I5.:{2 
2.28 
2. 02 
1.52 
3.  28 
3.  OS 
4.80 

.m 

.10 
.59 
.21 
.18 
.10 

G4.49 

15.49 

1.28 

2.71 

1.89 

4.32 

3. 5,3 

4.03 

.10 

.48 

..OO 

.49 

.  19 

W> 

.07 

GO.  02 

14.14 

1.63 

.37 

.07 
.20 
..39 
4.03 
.10 
.48 
.50 
.25 
.17 
.04 

2.62' 

.74 

.72 

0.73 

«.»9.  82 

71.22 

15.05 

Tnu-e. 

1.54 

.:« 

Tnu-e. 

.42 

G.99 

.,32 

l.,^ 

.31 

1.50 

.08 

None. 

.00 

+6.12 
+  .10 

-  .01 
-1.82 

-  .79 
-.3.00 
-2.05 
+  .20 

+3.09 

AljUl 

—  1.07 

FesO  J 

—1.28 

Keo 

—1.23 

MgO 

—1.67 

CaO 

—4.32 

NatO 

—3.13 

K,0 

+2.65 

ii,o+ 

H,(»  -    ..  . 

+  .98 
—  .2li 

TiOj 

CO< 

+  .95 

I'jOi 

BaO 

MnO 

PbS 

+2.20 
+  .81 
+  .78 
+7.33 

ZnS ' 

Fe.\sS 

m 

FeSt 

.13 
99.80 

.45 

99.78 

+  .30 

100.51 

+8.87 

-4.23 

1.  Fresh  quartz  monzoDile,  Riiniui. 

2.  Frosh  quartz  monzonite,  Clancy, 
la.  .\Itere<l  quartz  monzonite,  Uimini. 
2a,  Altcre<l  quart/,  monzonite,  Clancy. 

lb.  (iain  or  los.4  in  percentage  of  origmal  mass  of  the  unaltered  rock,  Rlmlnl. 
2b.  Gain  or  loss  In  percentage  of  original  mass  of  the  unaltered  rock,  Clanoy. 

The  difference  between  the  alterations  produced  during  the  con- 
tra«ited  periods  of  mineralization  is  readily  apparent,  but  its  inter- 
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pretation  is  an  open  question,  for  part  of  the  difference  may  be  due 
to  difference  of  temperature  and  part  due  to  difference  in  the  compo- 
sition of  the  solutions. 

The  most  striking  contrast  is  that  a  net  increase  in  mass  of  9  per 
cent  has  been  produced  by  the  earlier  mineralization  and  a  net  loss 
of  4  per  cent  has  taken  place  during  the  post-Miocene  mineraliza- 
tion. So  far  as  the  metasomatic  record  indicates  the  early  or  high- 
temperature  alteration  might  have  been  produced  by  anhydrous 
solutions,  for  the  altered  wall  rock  shows  an  actual  decrease  of 
water  content,  whereas  the  late  Tertiary,  a  low-temperature  altera- 
tion, shows  a  noteworthy  increase.  Moreover,  during  the  higli- 
temperature  alteration  no  carbonates  were  formed,  but  only  during 
the  low-temperature  mineralization. 

DESCRIPTIONS  OF  SPECIAL  DISTRICTS. 
METHOD   OF  TREATMENT. 

In  the  preceding  pages  the  region  has  been  treated  as  a  unit.  The 
different  mining  districts,  however,  differ  somewhat  among  them- 
selves in  their  geology  and  in  the  character  of  their  ore  deposits,  so 
that  for  the  sake  of  definiteness  and  explicitness  descriptions  of  the 
special  districts  are  added.  These  descriptions  are  generally  brief 
and  the  broader  relations  of  the  geology  at  any  locality  and  the  de- 
tailed characterization  of  the  formations  must  be  sought  under  the 
preceding  systematic  treatment. 

The  districts  employed  here  conform  to  no  political  subdivisions. 
They  include  the  areas  eiisily  reached  from  the  natural  supply  points 
of  the  region  and  their  boundaries  are  accordingly  somewhat  indofi- 
nite.     In  this  respect  the  scheme  accords  essentially  witli  local  usage. 

MABTSVILLE  DISTBICT. 
LOCATION    AND    HISTORY. 

Marysville  Ls  situated  in  Lewis  and  Clark  County  at  an  elevation  of 
5,600  feet,  17  miles  northwest  of  Helena.  It  is  the  terminal  point 
of  a  branch  from  the  main  line  of  the  Nortliern  Pacific  Railwa3^  A 
number  of  mining  camps  now  idle,  including  Bald  Butte,  Empire, 
and  Gloster,  are  tributary  to  Marysville. 

The  prosperity  of  Marysville  has  hinged  largely  on  the  fortunes  of 
the  Drumlummon  mine,  the  oldest,  most  steadily  operated,  and  most 
productive  property  of  the  district.  The  Drunilunnnon  lode  was  dis- 
covereil  in  1876  by  Thomas  Cruse,  who  had  been  placer  mining  in 
Silver  Creek,  below  the  present  site  of  Marysville,  and  the  mine  was 
gradually  developed  by  him  until  1880,  wlien  a  r)-stanip  mill  wjus 
erected.  In  1882  the  property  was  sold  to  an  English  company, 
known  as  the  Montana  Mining  Co.  (Ltd.),  for  $1 ,500,000.     During  the 
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operations  of  this  property  $15,000,000  was  extracted.  In  the  early 
nineties  the  property  became  involved  in  protracted  litigation,  which 
extended  over  some  18  years,  and  the  mine  in  recent  years  has  been 
worked  only  spasmodically.  Finally  the  property  was  sold  in  default 
of  payment  to  satisfy  a  judgment  of  $240,000  rendered  against  the 
Montana  Mining  Co.  (Ltd.),  and  was  bought  in  1911  by  the  successful 
litigant,  the  St.  Louis  Mining  &  Milling  Co.  The  new  owner  has 
commenced  to  rehabilitate  the  milling  plant,  to  open  the  old  work- 
ings, which  had  caved  badly,  and  to  search  for  new  bodies  of  ore. 

Other  notable  mines  in  the  district  are  the  Belmont,  Cruse,  Penob- 
scot, Bald  Butte,  Empire,  and  Piegan-Gloster,  but  all  of  these  were 
idle  during  1911  except  the  Cruse  or  Bald  Mountain  mine. 

T!ie  total  production  of  the  district  lias  been  approximately 
$30,000,000  in  gold  and  silver.^  In  1910  the  production  was  $145,663 
and  in  1911  it  was  $165,832,  distributed  as  follows:  Gold,  $143,918, 
and  silver,  $21,914. 

GEOLOGY.' 

Geologically,  the  Marysville  district  is  situated  on  and  around  a 
small  stock  of  quartz  diorite  intrusive  into  limestones  and  shales  of  the 
Belt  series.  This  intnisivc  mass  represents  without  question  an  out- 
lier of  the  Boulder  batholith,  the  main  body  of  which  appears  at 
Mullan  Pass,  7  miles  south  of  Marysville. 

The  sedimentary  rocks  surrounding  the  quartz  diorite  have  been 
thoroughly  metamorphosed  to  exceedingly  hard,  tough,  and  dense- 
textured  rocks  termed  hornstonos  by  Barrell.  These  are  made  up 
mainly  of  various  silicates,  such  as  diopsidc,  woUastonitc,  tremolite, 
and  biotite,  but  these  minerals  as  a  rule  arc  not  visible  or  discriniinable 
by  the  eye.  In  local  parlance  the  rocks  are  somewhat  vagucl}''  known 
as  slates.  They  form  a  zone  around  the  quartz  diorite,  ranging  in 
width  from  one-half  mile  to  two  niiles,and  grade  outward  from  the 
diorite  stock  into  the  unaltered  siliceous  shales  and  limestones  of  tlie 
Belt  scries. 

The  quartz  diorite  is  a  medium-grained  f^jranitic  rock  composed 
essentially  of  andesino,  quartz,  orthoclasc,  hiotite,  and  hornblende. 
Younger  than  the  quartz  diorite  are  a  variety  of  dikes,  some  of 
which  seem  from  their  petrographic  charactei's  to  belong  to  the 
intrusive  afterefl'octs  of  the  cpiartz  diorite  nia<:jina.  These  minor 
intrusions  comprise  aplite,  ])e^inatito,  and  the  Belmont  diorite 
porphyry,  so  named  because  of  its  notewortliy  abundance  on  the 
slopes  of  Mount  Belmont.  The  aplit(\s  are  not  important  quantita- 
tively and  tlic  |)(»^rnatites  are  nearly  insignificant,  but  the  diorite 
porpliyry    occurs    in    considerable    abundancre    as    persistent    dikes. 

'  Weca.  W.  H.,  <;oM  miiH»s  of  the  Marysville  district,  Moiit.:   liiill.  I'.  S.  (Jcol.  Survey  No.  213,  lOtt, 
p.  Ks. 
3  Thd  Kf^oloKv  of  the  district  htis  t>oeii  carefully  descTil)ed  in  Rreat  detail  by  Joseph  Barrell  in  Gaolog/ 
the  Marysville  miniDg  district,  Mont.:  Prof.  Paper  U.  S.  cieol.  Survey  No.  57,  lW7t 
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Among  the  more  prominent  of  these  is  the  long  dike  at  the  Bald 
Butte  mine.  The  diorite  porphyries  are  rocks  of  conspicuously 
porphyritic  texture,  containing  prominent  crystals  of  andesine  feld- 
spar, together  with  prisms  of  hornblende  and  flakes  of  biotite  in  lesser 
amounts,  in  a  dark-gray  groundmass.  The  feldspar  phenocrysts  are 
more  numerous  and  the  groundmass  more  crystalline  in  those  dikes 
near  the  main  mass  of  quartz  diorite;  in  fact,  in  some  of  them  the 
feldspar  phenocrysts  are  so  thickly  massed  and  the  matrix  so  visibly 
crystalline  that  the  rock  closely  resembles  the  quartz  diorite.  This 
assumption  of  granitoid  habit  by  the  dikes  within  the  inner  metamor- 
phic  zone  is  believed  by  the  writer  to  be  significant  and  to  indicate 
that  the  diorite  porphyry  dikes  were  injected  soon  after  the  main 
intrusion  of  the  quartz  diorite. 

Other  dikes  whose  genetic  relations  are  less  obvious  are  the  Drum- 
lummon  porphyry  and  the  porphyry  sheets  of  Piegan  (Julch.  That 
there  is  a  possibility  that  these  various  intrusives,  including  the 
diorite  porphyries,  do  not  all  belong  to  the  same  stage  of  igneous 
activity  was  recognized  by  Barrell/  but  not  much  importance  was 
attached  to  it.  The  determination  of  the  age  of  these  dikes,  liow- 
ever,  would  afford  an  independent  line  of  evidence  on  the  question 
concerning  the  origin  of  the  Marysville  ore  deposits. 

The  Drumlummon  porphyry  is  principally  encountered  in  the 
workings  of  the  Drumlummon  mine,  which  lies  at  the  contact  of  tlie 
quartz  diorite  and  horns  tones.  The  rock  Ls  a  grayish  porphyry  carry- 
ing small  scattered  phenocrysts  of  plagiocla^e  feldspar  inclosed  in  an 
aphanitic  groundmass.  These  prove  under  the  microscope  to  be  near 
andesine  in  composition;  the  dark  minerals  once  present  are  found 
to  have  been  destroyed  by  vein-forming  solutions,  and  the  ground- 
mass  is  seen  to  consist  of  feldspar  and  quartz. 

The  porphyry  of  Piegan  Gulch,  so  far  as  is  now  known,  occurs  in 
the  Marysville  area  in  three  sills,  a  mile  north  of  Gloster,  but  is 
found  in  great  abundance  in  other  ])arts  of  the  region,  as  sliown 
in  previous  pages  of  this  report,  where  it  Ls  termed  dacite.  The 
porphyry  of  Piegan  Gulch  shows  phenocrysts  of  chalky  fel(ls|)ar, 
biotite,  and  quartz  in  a  dense  gray  groundmass.  Under  the  niicro- 
scope  the  feldspars  are  found  to  be  a  plagiorlase  near  andesine,  which 
has  been  largely  alt-ered  to  calcite.  Possibly  some  sanidine  is  prcs(Mit. 
The  quartz  crystals,  which  are  comparatively  rare,  show  strong  mnf^- 
inatic  corrosion;  the  biotite  phenocrysts  are  largely  calcitized  and 
sericitized;  the  groundmass  in  which  the  phenocrysts  rest  is  of 
cryptocrystalline  texture.  The  rock  accordingly  resembles  the  dacites 
from  surrounding  parts  of  the  general  region. 

The  nearest  important  development  of  dacites  is  eiist  of  Silvc^r 
City,  7  miles  east  of  Marysville ;  rhyolites,  which  are  closely  related 

1  Op.  cit.,  p.  49. 
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to  the  dacites,  occur  south  and  southwest  of  Marysville,  an  especially 
large  area  extending  north  from  MuUan  Pass,  and  dacites  or  rhyolites 
are  associated  with  the  extrusive  andesites  of  Little  Prickly  Pear 
Creek,  a  few  miles  north  of  Marysville.  It  is  therefore  not  surprising 
that  isolated  dikes  of  this  character  should  occur  within  the  district, 
although,  as  pointed  out  elsewhere,  it  is  difllicuit  to  distinguish  isolated 
dacite  dikes  from  quartz  diorite  porphyry  dikes,  and  the  study  of  the 
local  geology  would  afford  no  clue  to  their  origin. 

The  dacites  found  at  Marysville  show  the  hydrothermal  alteration 
characteristically  associated  i^-ith  the  late  Tertiary  veins,  and  this 
fact  suggests,  although  it  does  not  prove,  that  the  principal  mineral- 
ization took  place  in  late  Tertiary  time. 

ORE  DEPOsrrs. 

OEHERAL  FSATITRES. 

The  ore  deposits  arc  steeply  dipping  iissure  veins  carrying  gold  and 
silver.  They  occur  around  the  border  of  the  quartz  diorite,  and 
although  some  are  situated  in  the  marginal  portion  of  the  diorite, 
most  of  the  veins  are  inclosed  in  the  metamorphic  hprnstones.  None 
ocxur  in  the  central  part  of  the  diorite  area.  This  massing  of  a  con- 
siderable number  of  productive  ore  bodies  around  the  diorite  is  the 
cause  of  the  economic  importance  of  the  Marysville  district. 

The  veins  average  near  1,000  feet  in  length;  the  Drumlummon, 
which  is  the  longest,  was  developed  for  a  distance  of  3,000  feet  along 
the  strike.  The  maximum  width  of  tlie  ore  bodies  is  40  feet,  but 
the  average  is  considerably  less  than  this,  in  most  of  the  veins  being 
probably  less  than  6  feet.  The  ore  occurred  in  shoots  in  which  the 
high-grade  ore  was  found  above  the  200-foot  level;  none  of  the  mines, 
except  the  Drumlummon,  are  developed  deeper  than  500  feet  below 
the  surface.  Gold  is  the  predominantly  valuable  metal  and  the  ores 
range  between  SIO  and  S20  a  ton. 

The  gold  is  finely  diWded  and  not  visible.  In  the  ore  of  many 
mines  -the  Belmont,  P^nipire,  and  others — it  is  unaccompanied  by 
sulphides  or  by  insignificant  quantities  only.  In  the  Drumlummon 
it  Ls  ac'oompanied  mainly  by  tetrahedrite  and  chalcopyrite,  and  in 
the  Bdd  liuttc  mine  by  pyrite,  sphalerite,  and  galena.  The  gangue 
nijitcrial  Is  of  highly  rharacteristic  composition  and  structure.  It 
consists  of  (jiiartz,  commonly  of  lamellar  habit,  and  calcite  in  broad. 
tliiii  lamella'.  At  the  Bald  Butte  mine  fluorite  occurs, but  this  is  excep- 
tional, for  llnorite  lias  n(»t  been  noted  at  any  other  mine  in  the  dls- 
tri<t.      In  n»an\   of  the  tvpicul  ores  of  Marvsville  the  calcite  lamellae 

«  «     I  • 

altiiin  i^reat  breadth  and  e.\tru(»nlinary  thinness,  at  the  Empire  mine, 
for  example,  the  extreme  diainet(»r  being  0  inches  and  the  thickness 
only    one-fiftieth    of    an    inch.     The    calcite    plat'Cs    are    commonly 
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arranged  so  as  to  form  rude  tetrahedral  or  other  irregular  pyramidal 
forms.  The  quartz  is  a  sugar-toxtured  white  variety,  commonly 
pseudomorphic  after  lamellar  calcite.  This  gives  rise  to  hollow 
tetrahedral  spaces,  wliich  are  lined  with  small  clear  glassy  pyramids 
of  quartz.  In  places  the  quartz  is  pseudomorphic  after  thin  curved 
lamellae  of  calcite,  and  a  foliated  or  schistose  structure  results. 
Rarely  the  quartz  shows  a  delicate  amethystine  tint. 

The  calcite  carries  some  iron  and  manganese  and  in  consequence 
the  outcrops  of  some  of  tlic  veins  arc  highly  manganiferous.  Proba- 
bly this  prevalence  of  manganese  is  in  ])art  responsible  for  the  enrich- 
ment in  gold  of  the  upper  zone  of  the  Marysville  veins.  Impovorisli- 
ment  of  the  outcrop,  however,  as  demanded  by  Emmons's  theory,* 
has  not  taken  place. 

The  lamellar  quartz  and  calcite  form  a  striking  gangue  material. 
It  is  identical  with  the  gangue  of  the  gold-silver  veins  in  the  Miocene 
dacites  on  Lowland  Creek  and  resembles  the  calcite  gangue  in  the 
veins  from  which  hot  water  is  oozing  at  Boulder  Hot  Springs.  Fur- 
ther, it  resembles  the  lamellar  quartz  ore  of  the  De  Lamar  mine, 
Idaho,  described  by  Lindgren  in  his  paper  on  the  gold  and  silver 
veins  in  Idaho,  and  well  illustrated  in  Plate  XXVIII  of  that  report.' 
Similar  ore  occurs  also  in  many  of  the  late  Tertiary  veins  in  Nevada, 
Utah,  Arizona,  New  Mexico,  and  Washington. 

ORIGIN. 

The  study  of  the  ore  deposits  in  the  area  of  the  Boulder  batholith 
has  shown  that  they  fall  into  two  groups,  whose  age  with  reference 
to  the  rhyolites  and  dacites  resting  on  the  eroded  surface  of  the  gran- 
ite has  been  determined  absolutely.  The  older  group  is  of  prevol- 
canic  origin  and  is  geneticall}'  related  to  the  intrusion  of  the  granite; 
the  younger  group  is  of  postvolcanic  origin.  Each  group  carries  a 
distinctive  set  of  features  generally  sufficient  for  the  determination 
of  the  relative  age  of  a  j)articular  ore  dei)()sit  even  where  the  relation 
of  the  ore  deposit  is  not  absolutely  dotenninablo  owing  to  the 
absence  of  the  volcanic  rocks. 

So  far  as  the  geology  of  the  Marysvillc  district  is  now  known,  the 
age  of  the  productive  ore  de])osits  can  not  be  conclusively  estab- 
lished with  reference  to  the  Tertiary  volcanic  rocks.  Possibly  tlie 
productive  deposits  may  j)rovc  to  be  tlio  ecjuivalents  of  the  barrcm 
veins  north  of  Little  Prickly  Pear  Creek,  which  are  known  from  undis- 
putable  geologic  evidence  to  be  of  late  Tertiary  ag(%^  but  the  matter 
has  not  been  investigated  adequately  with  this  j)oint  in  view.     On  the 

I  Emmons,  W.  H.,  The  agency  of  manganese  in  the  superficial  altemtion  and  secondary  enrichment  of 
fold  deposits  In  the  United  States:  Trans.  Am.  last.  Min.  Kng.,  vol.  41.  lOlo. 

'Liodgmi,  Waldemar,  Twentieth  Ann.  Kept.  r.  S.  (>eul.  Survey,  pt.  3. 1900. 

*  Barrel],  Joseph,  Geology  of  the  liarysvillo  mining  district,  Mont.:  Prof.  Paper  U.  S.  Geul.  Survey 
No.  57, 1907,  pp.  112-113. 
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other  hand,  the  criteria  for  the  recognition  and  discrimination  of 
the  younger  deposits  from  the  older  group  point  unmistakably  to  the 
conclusion  that  the  Marysville  veins  belong  to  the  younger  or  late 
Tertiary  deposits.  This  conclusion,  following  inevitably  from  a 
regional  study  of  the  ore  deposit^^  of  the  Boulder  batholith,  is  opposed 
to  the  conclusion  arrived  at  by  Barrell  from  an  intensive  study  of  the 
local  geology. 

According  to  Barrell '  the  Marj'sville  veins — 

a£  shown  by  their  structural  and  mineralr^cal  features,  are  due  to  contraction  effects 
on  the  mardns  of  the  granitf  maa?.  at  that  time  recently  8olidi6ed  and  cooling. 

The  structural  evidence  consists  of  the  relation  of  the  veins  to  the  winity  of  the 
contact,  or  at  leaet  to  the  metam«»r}>hic  zone:  the  fact  that  their  courses  are  either 
apprrjximately  parallel  or  at  hi^rh  an^K^s  to  this  contact  surface;  the  parallel  and 
branching  character  of  the  fissure?:  the  generally  shattered  and  infiltrated  character 
of  the  walls:  the  dyinj^  out  of  the  vein  fissures,  many  of  which  are  continued  in  parallel 
linesoffsettoonr-side:  and,  lastly,  the  absence  of  marked  throw  along  the  fissure  planes. 

The  mineralojrical  evidence  is  found  most  clearly  in  the  study  of  the  vein  fillings 
and  alteration  of  the  walls  in  the  Bald  Butte  mine,  since  it  is  believed  that  fluorite, 
which  is  there  a  characteristic  mineral,  is  indicative  of  magmatic  emanations, 
though  the  (ie]>osition  may  take  place  under  hydrothermal  as  well  as  under  pneuma- 
tolytic  conditions.  Fluorite  is  often  found  in  the  contact  aureole  of  granitic  masses 
anrl  is  presumably  given  off  as  acidic  vapors  in  water  solutions  from  solidifying  mag- 
mas. The  probability  of  this  \ncw  of  the  origin  of  the  vein  fissures  is  seen  when  the 
eff(*cts  of  such  contraction  from  cooling  are  considered  in  some  detail.  The  central 
portions  of  a  granite  intrusion  the  size  of  the  Mar>'s\'ille  batholith  would  cool  slowly 
and  a£i  a  whole;  the  contraction  would  be  equal  throughout;  and  there  would  be  little 
or  no  tendency  to  form  wide  contraction  cracks  in  any  direction.  This  agrees  with 
the  absenr-e  of  vein  fissures  in  the  center  of  the  intrusion.  The  cooling  of  the  zone 
of  contact  metainorphism  and  of  the  marginal  portions  of  the  batholith,  however, 
would  result  in  a  ehrinkuirc  away  of  those  portions  from  the  surrounding  rocks,  pro- 
ducing fissures  parallel  to  the  contact:  while  the  lessened  circumference  of  the  outer 
zone,  caused  by  its  co<jling  before  the  center,  would  tend  to  set  up  another  set  of 
fractures  more  or  let>s  radial  in  nature. 

Til  at  the  veins  are  massed  around  the  intrusive  contact  of  the  quartz 
diorite  is  a  strong  argument  in  favor  of  their  genetic  dependence  on 
tlie  intrusion  of  the  igneous  rock.  But  tlie  argument  of  itself  is  not 
conr  lusive.  Tlie  opening  of  the  fissures  may  have  been  long  posterior 
to  llie  eonsolichition  of  the  diorite;  it  is  well  known  that  the  contacts 
of  (iissiniilar  rocks  are  favorahle  loci  for  dvnamic  action  ahd  therefore 
the  deposits  may  liavt;  been  localized  in  the  brittle  hornstones  because 
of  their  superior  fraiifribility.  "The  j)arallel  and  brandling  charac- 
ter of  the  fissures;  the  generally  shattered  and  infiltrated  character  of 
tlu?  walls;  the  dyiii<;  out  of  the  vein  iissures,  many  of  which  are  con- 
tinued in  |)arallel  lines  offset  to  on(»  side;  and,  las tlv,  the  absence  of 
marki'd  throw  along  tlie  fissures  j)lanes, ''  can  hardly  be  accepted  as 
proof  of  th(^  eontractional  origin  of  the  Marysville  fissures.  Tliese 
structural  features  are  of  common  occurrence  in  late  Tertiarv  veins 
which  cut  surface  lava  Hows  and  are  therefore  as  indicative  of  frac* 


>Op.  cit.,p.  105, 


MABYSVILLE  DISTRICT.  67 

turing  under  light  load  as  they  are  of  contraction  during  the  cooling 
of  plutonic  rocks.  In  the  region  considered  in  this  report  all  these 
structural  features  are  found  in  the  post-Miocene  veins  on  Lowland 
Creek,  as  is  well  exemplified  in  the  Ruby  mine,  described  on  pages 
125-127. 
Savs  S.  F.  Emmons:^ 

Some  writers  on  ore  depoeits  speak  of  vein  fissures  as  sometimes  rcsultinj^  from  con- 
traction, but  I  have  yet  to  learn  of  a  well-authenticated  instance.  I  rep^ard  a  certain 
amount  of  movement  as  necessary  to  break  the  cohesion  between  the  respective  walls 
of  a  joint  or  fissure  sufTiciently  to  make  a  water  channel.  This  I  hold  to  be  true  also 
of  eruptive  contacts.  *  *  *  It  iy  to  be  noted  that  a  contraction  fissure  could  not 
extend  from  one  rock  into  anotlier. 

Yet  the  continuity  of  the  Marvsville  veins  across  intrusive  contacts, 
as  exemplified  in  the  Belmont,  Cruse,  and  Drumlummon  mines,  is  a 
salient  characteristic  of  many  of  the  ore  bodies.  Further,  immerous 
mechanical  features,  such  as  brecciation  and  faulting — all  prior  to  the 
filling  of  the  veins — indicate  considerable  movement,  even  if  only 
of  oscillatory  character,  during  the  opening  of  the  fissures.  These 
facts  would  seem  to  place  the  burden  of  proof  on  one  who  maintains 
the  contractional  origin  of  the  Marysville  fissures. 

The  mineralogic  evidence  adduced  by  Barrell  seems  unfortunately 
chosen.  The  Bald  Butte  mine,  the  only  mine  in  which  fluorite  is 
found,  is  not  characteristic  of  the  mines  that  have  yielded  95  per  cent 
of  the  production  of  the  Marysville  district.  Nor  is  fluorite  necessa- 
rily indicative  of  magmatic  emanations,  and  its  presence  assuredly 
does  not  prove  that  veins  containing  it  are  genetically  related  to 
plutonic  igneous  rocks.  It  occurs  in  tlie  late  Tertiary  veins  of  New 
Mexico  and  is  even  now  being  deposited  by  the  liot  springs  at  Ojo 
CaUente.-  According  to  Lindgren,  fluorite  is  a  persistent  mineral 
and  is  of  little  value  in  determining  the  genesis  of  a  deposit.  Its 
presence  is  therefore  not  incoJui)atil)l(>  witli  the  late  Tertiary  origin 
of  the  veins  at  Marysville;  nevertheless  it  ran  l)e  conceded  that  the 
Bald  Butt^  ore  is  of  magmatic  derivation  without  affecting  the  argu- 
ment in  regard  to  the  origin  of  the  majority  of  veins  of  the  district. 

The  characteristic  veins  of  Marysville,  cojuprising  those  that 
yielded  95  per  cent  of  the  production,  have  a  gangue  identical  ui  struc- 
ture and  composition  with  that  of  the  veins  in  the  dacitesof  Lowland 
Creek;  that  is  with  the  veins  of  |)rove(l  post-Miocene  ag(\  This  strik- 
ing gangue,  the  lamellar  calcite  and  ])seu(loniorphi('  lauK^lIar  quartz, 
is  of  wide  occurrence  in  the  late  Tertiary  deposits  of  the  Western 
States,  and  this  circumstance  indicates  that  })eculiar  conditions  were 
responsible  for  this  type  of  ore.  The  widesj)read  condition  cojunion  to 
aU  the  deposits  was  probably  deposition  near  the  surface.  For  De 
Lamar,  Idaho,  Lindgren  has  estimated  that  the  deepest  ore  bodies 

>8ivgwtbnis  for  Aeld  oboervattom  of  ore  deposits:  Min.  and  Sci.  Press,  vol.  a5, 1907,  p.  IS. 
•  Lindgren,  Waldamar,  Onton,  ti.  C,  and  Gordon,  C.  U.,  The  ore  deposits  of  New  Mexico:  Prof.  Pap«» 
U,0.Geol  8oiT6;r No. n,  1910, pp. 70-79- 


68  ORE  DEPOSITS  OF  HELBKA  MINING  BEGION,  MONTANA. 

were  formed  at  a  depth  of  700  feet.*  Further  confirmatoiy  evidence 
is  the  fact  that  the  Marysyillcf  quartz  is  in  general  exceedingly  dense 
or  porcelainoid  in  texture,  agreeing  thus  with  the  younger  Teins 
rather  than  the  older,  which  are  characterized  by  coarse-grained 
quartz.  Then,  too,  the  metasomatically  altered  wall  rocks,  when  di- 
rectly comparable,  resemble  those  accompanying  the  younger  de- 
posits. Tourmaline,  which  is  so  conspicuously  developed  in  most  of 
the  older  deposits  of  the  Boulder  batholith,  is  entirely  absent;  so  also, 
is  that  coarse  sericitization  which  yields  a  macroscopic  sericite  of 
glossy  habit.  On  the  other  hand,  the  feldspars  have  been  reduced 
to  chalk\^  spots  of  cryptocrystalline  sericite,  and  chloritization  and 
calcitization,  both  of  which  are  absent  from  the  older  deposits,  are 
common  alterations.  In  short,  the  Marysville  deposits  are  in  no  way 
like  those  of  the  older  group;  on  the  other  hand,  they  closely  resemble 
those  of  the  younger  group. 

It  may,  perhaps,  be  argued  that  the  Mar\'sville  veins  are  neverthe- 
less genetically  related  to  the  intrusion  of  the  (quartz  diorite,  but  rej)- 
resent  a  later  phase  of  the  same  mineralization  to  wliich  the  older 
group  of  deposits  belongs.  A  strong  objection  to  this  argument  from 
a  theoretical  standpoint  is  the  fact  that  the  Marysville  veins  were 
first  filled  with  lamellar  calcite  and  that  this  was  subsequently 
replaced  by  quartz.  This  sequence  of  mineraUzation  ia  in  direct 
contravention  of  tlie  sequence  of  magmatic  emanations,  according  to 
which  the  carbonate  stage  shoidd  come  last  and  not  first.'  The 
veins  show  internal  evidence  of  two  phases  of  mineralization,  both 
simibu-  to  those  shown  by  the  late  Tertiar}^  veins,  but  neither  is  analo- 
gous to  any  jJiaso  of  mineralization  of  the  older  deposits,  and  this 
objection,  based  uj)on  field  evidence,  seems  conclusive  against  the 
argument  that  the  Marj'sville  veins  represent  a  final  stage  of  the  older 
mineralization. 

DESCKIPTIOXS    OF    MINES. 
DRUMLUMMON  MINE. 

Tlio  Druinluinnion  mine  is  worked  j)rin(npally  through  the  Mas- 
kelync  tiinnc^l,  a  1 .200-foot  crosscut  intersecting  the  lode  at  a  depth  of 
400  foot.  At  tlio  intersoction  a  shaft  was  sunk  to  the  1,600-foot  level, 
l)ut  it  is  now  lillod  with  water.  The  vein  has  been  developed  along 
tho  striko  for  a  distanoo  of  ;5,0()0  foot,  l)ut  l)ocause  of  caved  st opes 
niohl  of  this  part  of  tlio  vein  was  inaooossiblo  during  1911. 

Miioh  of  tho  nijitorial  fUhnir  the  cavod  sto|>os  Lssaid  to  constitute^low- 
<j;ra(h»  niilhni:  oro.  and  it  is  now  ])oin^  drawn  oil  and  sent  to  the  mill. 
Tw(Mity  stamps  of  tho  old  ()0-stanip  mill  have  l)con  put  in  working 
condition  hy  tho  now  owner,  tho  St.  I^ouis  Mining  &  Milling  Co.,  and 

»  Twontietli  Ann.  Hoj)!.  V.  S.  ♦'leol.  Survey,  pt.  :i.  I'.Kn).  p.  Ui.".. 
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the  crushing  of  ore  was  commenced  again  in  July,  1911.  In  addition 
to  the  ore  taken  out  through  the  Maskelyne  tunnel,  surface  ore  was 
being  mined  through  the  Roadside  tunnel  on  the  Nine-Hour  claim, 
which  is  situated  on  the  southwest  end  of  the  Drumlunmion  vein. 
This  ore  is  stated  to  carry  from  $35  to  $80  a  ton  and  constitutes, 
therefore,  shipping  ore,  which  is  sent  to  the  smelter  at  East  Helena. 

The  total  production  of  the  mine  has  been  $15,000,000,  of  which  60 
per  cent  was  in  gold.  The  surface  ores  were  of  high  grade,  probably 
comparable  to  that  now  taken  from  the  Nine-Hour  claim,  but  the  ore 
mined  during  the  later  years  of  tlie  operations  of  the  Montana  Mining 
Co.  was  of  medium  grade  only,  containing  one-half  ounce  of  gold  and 
from  7  to  12  ounces  of  silver  a  ton.* 

The  Drumlummon  vein  parallels  the  contact  of  the  granite  and 
homstones,  having  a  general  trend  of  N.  15°  E.  and  steep  easterly  dip. 
Extensive  pits  due  to  caving  mark  the  course  of  the  vein  on  the  sur- 
face and  show  clearly  that  the  wall  rocks  consist  mainly  of  dense- 
grained  banded  hornstones,  which  are  cut  irregiilarly  by  granitic 
dikes  and  by  small  aplite  dikes.  The  aphte  dikes  are  shattered  and 
in  places  are  mixed  with  the  general  country  rock.  The  homstones 
are  the  metamorphic  equivalents  of  the  banded  phase  of  the  Helena 
limestone  of  Algonkian  age,  and  when  examined  microscopically  are 
found  to  consist  essentially  of  diopside  and  wollastonite,  which  ex- 
plains why  these  so-called  slates  prove  so  extraordinarily  difficult  to 
drill.  Porphyry  dikes  are  also  encountered  in  the  mine,  as  discussed 
by  Barrell.' 

As  seen  on  the  400-foot  level,  the  Drumlummon  vein  has  a  weU- 
defined  footwall,  strongly  wavy  and  heavily  corrugated.  Tlio  cor- 
rugations trend  vertically,  and  the  stria)  and  surface  protuberances 
show  that  the  hanging  wall  moved  downward  on  the  footwall.  In 
places  a  layer  of  attrition  product  1  to  H  feet  thick  n^sts  on  the  foot- 
wall; in  places  there  are  a  number  of  superposed  false  walls  al)ove 
what  may  be  termed  the  real  or  ultimate  footwtdl.  The  hanging 
wall  of  the  vein  consists  of  a  well-defined  plane,  but  the  countr}^  rock, 
as  shown  by  a  short  crosscut  south  of  the  shaft,  is  more  or  less  inter- 
laced with  quartz-calcite  veinlets  to  a  distance  of  at  least  10  feet. 
In  places  the  fissure  continues,  but  the  filling  of  the  vein  cojisists  of 
barren  detritus  from  the  wall  rocks.  In  the  south  end  of  the  vein, 
according  to  J.  E.  Clayton,^  '^tlie  quartz  gantruo  pves  out  (Mitirely 
and  the  filling  between  the  walls  is  nothing  but  crushed  shale  and 
abraded  material  from  the  walls  of  the  fissure.''  "Hiis  feature  is  par- 
ticularly well  shown  on  the  Nine-Hour  claim,  where  numerous  open 
cuts  have  been  made  during  the  progress  of  htigation  to  show  the 

>  Baylias,  R.  T.,  Trans.  Am.  Inst.  Min.  Eng..  vol.  26, 1897,  p.  33. 

< Geology  of  tbe  Ifaryivllle  mining  district,  ^ont.:  Prof.  Paper  U.  S.  Geol.  Survey  No.  57, 1907,  p.  1U8. 

•  Eng.  and  ICin.  Joor.,  vol.  46, 1888,  p.  100. 
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continuity  of  the  vein.  The  fissure,  which  ia  some  25  feet  wide,  is 
barren  here — that  is,  deToid  of  quartz — and  the  filhng  consists  of 
broken  country  rock,  more  or  less  staineii  with  iron  oxide.  The  foot- 
wall  is  marked  by  a  strongly  slickensidod  plane.  AH  these  features 
indicate  that  powerful  forces  wcire  operative  during  the  formation  of 


f^-;ti<iii  that  its  opening 
mlins  <if  the  surr(»und- 


llm  Pnimliuiinioii  lissiiro  iithI  prove  hcyiuul  (| 
WHS  iH'l  dill'.  tiK'nrHriu'lion  pi'iiiltucd  liy  (lie  . 
iiifi;  nifks  uftcr  llic  iiitnisinn  of  llie  ;^r;iiuto, 

Tim  N(w  t'iisll<!ti>\vii  iinil  Old  Cast  let  own  veins  are  branches  of 
the  Dniiiduniuion  vein,  as  shown  in  fifjuni  -I.  Tlio  Xorth  Star  is 
an  irilei-sectiiif;  vein.  Aeeordiufi  lo  (laylon  it  ia  older  than  tho 
J)iunihininioii;  ac^ordiiig  to  IJarrull  it  i.s  youngei'. 
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The  ore  occurred  m  pay  shoots,  which  in  places  expanded  to  a 
maximum  width  of  40  feet,  but  on  the  whole  averaged  20  feet  in  width. 
The  shoots  pitched  obliquely  to  the  south  within  the  plane  of  the 
vein,  the  direction  being  determined  by  the  structural  features  of  the 
vein.  The  wavy  character  of  the  walls  causes  the  vein  to  swell  and 
pinch  along  the  strike  and  on  the  dip,  and  the  expanded  portions  of  the 
vein  are  found  farther  south  on  successively  lower  levels.  The  cause 
of  this  southward  pitch  of  the  ore  shoots  is  clearly  explained  by 
Clayton:* 

The  shifting  of  the  hanging  wall  has  been  nearly  straight  down  tlie  slope  of  the  under- 
lie, and  the  curvatures,  or  wave  lines  of  the  fissure,  pitch  down  obliquely  to  the  south, 
corresponding  generally  with  the  pitch  of  the  ore  rfioots  in  that  direction. 

Tlie  rich  ore  of  the  mine  occurred  jnainlv  above  the  20()-foot  level, 
and  an  impoverishment  of  the  ore  shoots  began  to  be  noticed  below 
the  400-foot  level.  Good  ore,  however,  was  found  down  to  the  1,000- 
foot  level,  but  none,  according  to  Weed,  occurred  l)olow  tliat  level. 
The  data  at  hand  are  insufficient  to  prove  whether  this  decrease  in  the 
grade  of  the  ore  in  depth  is  due  to  secondary  enrichment  or  to  primary 
vertical  distribution;  the  facts  seem  to  point  to  a  combination  of 
both  processes. 

The  surface  ore  now  being  taken  out  on  the  Nine  Hour  claim  is 
thoroughly  oxidized.  It  shows  considerable  azurite,  together  with 
oxides  of  iron  and  manganese  in  a  quartz  gangue,  and  is  rich  in  fine 
gold,  although  this  is  not  vi3ible.  The  primary  sulphides  in  the  Drum- 
lummon  ore  are  tetrahedrite  and  chalcopyrite  in  rather  sparse 
amounts.  Pyrite,  galena,  and  sphalerite  are  rare.  The  bonanza 
ore  formerly  worked  doubtless  contained  silver  sulphantimonides, 
such  as  pyrargyrite,  but  tetrahedrite  (variety  freibergite)  appears 
to  have  been  the  most  important  constituent.  The  gangue  material 
is  a  fine-grained  saccharoidal  white  quartz,  in  places  so  dense  as  to 
resemble  porcelain.  The  texture  is  ratlier  drusy  and  viiggy,  and  the 
vugs  are  lined  with  quartz,  calcite,  and  dolomite  crvstals.  Frag- 
ments of  altered  wall  rock  are  common  in  the  quartz.  For  example, 
good  ore  from  the  1,000-foot  level  consists  essentially  of  angular 
fragments  of  wall  rock  cemented  by  calcitic  quartz  of  drusy  struc- 
ture; sparse  chalcopyrite  is  the  only  visible  metallic  mineral.  Cal- 
cite, somewhat  ferriferous  and  manganiferous,  is  prominent  in  various 
parts  of  the  mine,  and  shows  the  lamellar  habit  and  tetraliedral 
arrangement  of  the  lamellae  so  characteristic  of  tlie  Marysville  ores. 
Quartz  that  is  pseudomorphic  after  calcito  is  found,  but  appeal's  not 
to  be  as  common  as  in  other  mines  of  the  district. 

Primary  ore  was  seen  in  place  on  the  400-foot  level,  50  feet  soutli 
of  the  shaft.  This  ore  is  a  somewhat  calcitic  quartz  carr}nng  tetra- 
hedrite and  chalcopyrite;  the  adjoining  hanging-wall  rock  is  a  firm, 

>  Op.  cit.,  P*  107. 
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hard  granite  (or,  accurately,  quartz  monzonite),  which  under  the 
microscope  proves  to  be  highly  calcitizcd  and  chloritized.  At  150  feet 
north  of  the  shaft  the  wall  rock,  which  is  here  the  banded  homstone, 
is  extensively  shattered  by  postmineral  fracturing  and  leached  by 
sulphate  solutions.  So  thorough  has  this  leaching  been  in  places  that 
all  the  bases  have  been  removed,  leaving  a  white  rock  of  low  specific 
gravity  which  consists  essentially  of  silica.  These  altered  wall  rocks 
show  an  abundant  development  of  manganese  dendrites. 

The  calcitic  nature  of  the  primary  ore  of  the  Drumlummon  vein 
precludes  the  possibihty  that  secondary  enrichment,  whether  of  gold, 
silver,  or  copper,  has  extended  downward  to  any  considerable  deptli. 

CRUSE  MmE. 

The  Cruse  or  Bald  Mountain  mine,  as  it  is  known  locally,  together 
with  the  West  Belmont  mine,  which  is  worked  through  the  Bald 
Mountain  adit,  was  the  most  active  property  at  Marysville  in  1911. 
Seventy  men  were  employed  until  July  1,  when  a  considerable  reduc- 
tion of  the  force  took  place.  A  20-stamp  mill  is  on  the  property;  70 
per  cent  of  the  gold  and  silver  is  recovered  on  the  plates,  and  the 
tailings  go  directly  to  a  cyanide  i)Iant. 

The  mine  is  situated  at  tlie  contact  of  the  granite  and  homstones, 
which  form  a  capping  resting  horizontally  on  the  intrusive  granite. 
It  is  developed  by  three  tunnels  drifted  on  the  vein;  tunnel  No.  1  is 
the  working  adit  of  the  mine.  The  maximum  depth  reached  any- 
where in  the  mine  is  500  feet.  The  vein  trends  east  and  west  at  right 
angles  to  the  contact  and  dips  70°  S.  The  two  tunnels  above  No.  1 
are  in  the  hornstones;  No.  1  commences  in  granite  but  encounters 
solid  hornstone  at  1,000  feet  from  tlie  portal,  although  some  minor 
mtisses  of  hornstones  are  inclosed  in  granite  at  some  distance  from  the 
main  contact.  The  100-foot  level  below  tunnel  No.  1  is  entirely  in 
granite.  The  main  ore  shoot  of  the  mine  was  in  granite  and  was  from 
5  to  30  feet  wide  and  500  feet  lon^^.  Along  the  strike,  as  seen  in 
tunnel  No.  1,  the  vein  becomes  abruptly  narrow  on  entering  the  horn- 
stone  and  tends  to  split  and  fork.  The  upper  })ortion  of  the  vein  was 
inclosed  in  hornstones,  which  ghow  pronounced  evidence  of  oxidation 
and  leaching  by  downward-moving  solutions.  Tlie  ore  shoot  did 
not  come  to  the  surface  through  this  Inglily  altered  zone,  and  this 
fact,  togetluT  with  the  decrease  in  value  of  the  ore  in  deptli,  suggests 
that  a  secondary  ein-ichment  of  gold  lias  taken  place. 

The  West  Belmont  vein,  which  is  worked  through  the  Bald  Moun- 
tain adit,  resenildes  the  Bald  Mountain  vein.  Tiie  ore  consists  of 
quartz  intergrown  with  nuinganiferous  calcite  in  large  thui  plates. 
The  quartz  in  part  is  pseudoinorphic  after  lanielhir  calcite;  black  oxide 
of  manganese  is  more  or  less  common,  and  the  ore  is  therefore  like 
that  characteristic  of  the  Maiysvillo  district. 
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BBLMOKT  KHrS. 

The  Belmont  mine,  situated  on  the  east  slope  of  Mount  Belmont, 
has  been  one  of  the  largest  producers,  but  was  idle  during  1911  and 
not  accessible.    According  to  BarreU,^  the  mine — 

has  been  developed  on  a  system  of  veins  running  in  general  at  a  high  angle  to  the  con- 
tact surface.  Wliat  is  known  as  the  main  or  soutli  vein,  running  from  west  to  north- 
west, forks  to  the  west  into  two  main  branches  which  diverge  at  a  slight  angle,  and  the 
southern  of  these  branches  splits  again.  The  north  vein  begins  at  a  point  about  100 
feet  north  of  the  main  vein,  bearing  at  lirst  northwest  and  then  nearly  north.  This 
vein,  as  shown  on  the  map  of  the  second  level,  tapers  out  into  a  fork  at  the  east  end 
and  losses  into  a  barren  fault  to  the  northwest.  The  dip  of  the  vein  is  toward  the 
main  vein  at  an  angle  of  70°  to  75°  Tlie  veins  are  very  short,  and  the  ores  are  found 
only  from  the  fourth  level  to  the  surface.  They  do  not  continue  across  the  large  dike 
or  porph>Titic  hornblende-quartz  diorite  whi(.'h  separates  this  arm  of  homstones  fn)m 
the  main  sedimentary  body,  but,  as  mentioned  above,  show  a  disposition  to  branch 
and  taper  out.  Where  the  branches  separate  the  country  rock  near  the  junction 
shows  considerable  brecciation  with  infiltration  of  quartz  vein  lets,  and  many  such 
parallel  quartz  seams  may  be  noted  in  the  granite  in  association  with  the  main  vein, 
even  where  the  latter  does  not  branch.  In  the  homstones  the  vein  matter  is  more 
sharply  limited  to  the  principal  fissures,  but  these  have  an  aggregate  width  as  great 
as  in  the  granite,  indicating  no  greater  opening  of  one  than  of  the  other/  Within  the 
mineralized  zone  the  average  aggregate  width  of  vein  quartz  is  estimated  at  about  3 
feet  per  100  feet  of  granite.  On  the  fifth  level  the  vein  quartz  shows  widths  of  3  to 
5  feet  but  contains  many  opening  vugs  and  is  almost  barren. 

A  series  of  east-west  normal  faults  with  dips  to  the  south,  later  than  the  veins,  in 
some  places  follow  the  strike  and  in  others  cut  across  the  veins.  These  ore  deposits 
have  probably  received  considerable  secondary  enrichment  in  which  the  fault  fissures 
have  taken  part. 

Exceptional  ore  from  the  main  level  consists  of  fine-grained  quartz 
which  shows  traces  of  lamellar  structure  and  is  traversed  by  mangan- 
iferous  films.  Some  ganguc  material  consists  almost  entirely  of 
white  lamellar  calcite;  otlier  specimens  show  an  equal  admixture  of 
calcite  and  quartz,  and  such  material  under  tlio  microscope  reveals 
the  remarkably  perfect  replaceniont  of  calcite  by  quartz.  Comby 
amethystine  quartz  is  also  found. 

BALD  BTJTTE  MUTE. 

The  Bald  Butte  mine  is  on  the  nortliwest  slope  of  Bald  Butte  near 
the  head  of  Dog  Creek.  A  mill  of  20  stamps  belongs  to  tJie  property, 
but  is  situated  1  mile  downstream  from  tlie  juine,  necessitating 
haulage  of  the  ore  by  teams. 

The  mine  was  operated  continuously  from  1890  to  1902,  intermit- 
tently since  that  time,  and  was  idle  during  1911.  Tlie  total  production 
is  two  and  three-fourths  milUon  dollars,  of  which  approximately  90 
per  cent  was  recovered  in  the  bullion  and  10  per  cent  in  tlie  concen- 
trates.   The  average  yield  on  the  plates  was  $10.11  a  ton  and  the 

1 0«ol0Ky  of  the  ICarTiyUle  mining  district,  Mont.:  Prof.  Paper  U.  S.  (lOol.  Survey  No.  57, 1907,  p.  lu9. 
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average  fineness  of  the  bullion  was  753.  The  concentrates  canied 
about  4  ounces  of  silver  to  each  ounce  of  gold  and  averaged  roughly 
10  per  cent  of  lead. 

The  workings  comprised  a  number  of  surface  pits  and  a  series  of 
tunnels,  of  which  No.  2  has  been  the  main  working  level  in  recent 
years.  The  extreme  depth  thus  attained  is  500  feet.  Many  of  the 
drifts  are  inaccessible  and  no  ore  in  place  was  seen.  The  workings 
are  associated  with  a  diorite  porphyry  dike,  nearly  vertical  in  attitude, 
and  60  feet  wide,  as  shown  in  crosscuts.  In  places  the  dike  is  cut 
by  a  closely  spaced  system  of  veinlets,  but  this  mineralized  porphyry 
does  not  constitute  ore,  at  least  upon  the  lowermost  level,  where  it 
assays  under  $1.  The  veinlets  are  dense-textured  aggregates  of 
quartz  and  fluorite,  showing  a  faintly  banded  structure,  and  commonly 
contaiaing  a  small  amount  of  fine  flaky  molybdenite.  Shoots  of  ore 
were  found  alongside  the  dike  in  places  and  m  the  adjoining  horns  tone 
country  rock  on  its  northeast  side.  Here  was  found  a  highly  irregu- 
lar system  of  short  narrow  fissure  veins.  The  "  Knif eblade, "  so 
named  because  of  its  extreme  narrowness,  was  extraordinarily  rich 
in  free  gold.  Associated  metallic  minerals  were  pyrite,  galena,  and 
sphalerite. 

PENOBSCOT  MDfS. 

The  Penobscot  mine,  which  is  one  of  the  best-known  mines  in  the 
history  of  Montana  on  account  of  the  extraordinary  richness  of  its 
surface  ore,  lies  near  the  head  of  Penobscot  Gulch  2  miles  southwest 
of  the  town  of  Marysville.  The  Penobscot  vein  as  seen  from  the  sur- 
face had  a  remarkably  well  defined  hanging  wall;  the  ore  body,  which 
swells  and  pinclies,  averaged  3  to  4  feet  in  width.  The  country  rock 
inclosing  the  vein  consists  of  the  metamorphic  homstones  of  the 
Helena  limestone  cut  by  intrusions  of  diorite  porphyry.  Two  parallel 
veins,  known  as  the  Eagle  and  tlie  Jjcopard  veins,  which  like  the 
Penobscot  dip  65°-80°  NW.,  lie  in  the  footwall  of  the  Penobscot 
vein;  the  Eagle  at  250  feet,  and  the  Leopard  at  600  feet. 

As  sho\\ai  on  tlie  stope  map,  ore  was  extracted  from  the  Penobscot 
vein  for  1,000  feet  along  the  strike  at  the  surface.  The  mine  was 
developed  to  a  depth  of  500  feet,  but  the  ore  came  principally  from 
above  the  300-foot  level  and  largely  from  above  the  200-foot  level. 
The  production  was  one  and  one-fourth  juillion  dollars.  The  ore 
rock  is  a  porous  manganiferous  quartz,  whith  in  j)laces  carries  lamellar 
calcitc. 

On  the  Eaj2:le  vein  an  incline  was  sunk  70  feetj  the  ore  shoot 
yielded  $10,000,  but  gave  out  at  50  feet  depth. 

The  present  attempts  to  find  ore  in  the  Penobscot  vein,  which  have 
continued  in  a  small  way  during  the  last  10  years,  consist  of  a  tunnel 
300  feet  long  (mainly  along  the  vein)  attaining  a  depth  of  90  feet. 
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The  face  of  this  tunnel  shows  a  lode  of  highly  manganif erous  and  iron- 
stained  porous  quartz,  which  is  said  on  competent  authority  to 
resemble  the  ore  formerly  found  in  the  productive  part  of  the  Penob- 
scot vein,  but  this  material  contains  no  gold.  Another  tunnel,  which 
like  the  preceding  is  situated  on  the  west  end  of  the  property,  aims 
to  tap  the  vein  on  the  300-foot  level.  The  evidence  from  the  history 
of  the  mine  seems  unfavorable  to  the  probabihty  of  finding  ore  in 
depth;  the  geologic  evidence,  based  on  the  presence  of  a  highly  man-' 
ganiferous  leached  quartz,  suggests  that  the  gold  may  have  been 
dissolved  and  carried  to  a  lower  level,  and  that  therefore  there  is  a 
possibility,  at  least  worth  testing,  that  ore  may  be  found  on  the 
downward  extension  of  the  vein. 

EMPIRE  MINE. 

The  Empire  mine  and  mill  of  60  stamps,  now  idle,  are  situated  on 
the  west  slope  of  Mount  Belmont.  The  vein  is  said  to  be  stoped  out 
above  the  principal  haulage  level  for  a  length  of  1,500  feet,  the  extreme 
depth  thus  attained  being  approximately  400  feet.  The  country 
rock  consists  of  the  metamorphic  phase  of  the  Empire  shale,  which 
dips  here  10°  W.  The  vein  trends  N.  60**  W.  and  stands  vertical. 
The  Whippoorwill  is  a  parallel  vein  several  hundred  feet  northeast  of 
the  Empire. 

The  ore  now  available  is  a  sugar-textured  white  quartz  full  of 
vugs  and  devoid  of  metallic  sulphides.  It  contains  as  a  rule  much 
lamellar  calcite,  which  commonly  forms  plates  of  extraordinary 
thinness  and  diameter,  some  plates  attaining  a  diameter  of  6  inches. 

PIEOAN-OLOSTER  MUTE. 

.  The  Piegan-Gloster,  a  consolidation  of  two  adjoining  properties,  is 
situated  3  miles  northwest  of  Marysville.  The  mine  is  opened  by 
two  tunnels  on  the  vein,  the  upper  one  of  which  is  now  inaccessible. 
The  lower  tunnel,  trending  N.  25''  E.,  is  1,200  feet  long. 

The  mine  is  situated  near  the  northwestern  margin  of  the  Marys- 
ville stock  and  the  country  rock  is  quartz  diorite,  but  the  contact- 
metamorphic  homstones  are  found  near  by.  The  vein  as  seen  in  the 
lower  tunnel  dips  60®  E.  and  averages  3  feet  in  width.  Some  post- 
mineral  movement  has  taken  place  along  the  walls,  but  the  ore  is 
generally  frozen  to  the  quartz  diorite.  Tlie  ganguc  is  mainly  quartz 
with  some  calcite.  The  quartz,  which  in  places  is  amethystine,  com- 
monly shows  large  vugs  lined  with  coarse  crystals;  in  places  also  it 
displays  the  lamellar  structure  and  tetrahedral  habit  so  characteristic 
of  the  replacement  of  the  calcite  of  the  district.  At  the  face  of  the 
tunnel  the  vein  narrows  to  1  foot  of  massive  quartz  containing  small 
streaks  of  pyrite.  Fragments  of  the  diorite  wall  rock  up  to  6  inches 
in  diameter  are  common  in  the  vein. 


76  ORE  DEPOSTTB  OF  HELEXA  MESTSG  REOIOX,  MO^TTASTA. 

The  Gloster  is  stated  to  have  yielded  a  considerable  output  in 
former  years,  the  ore  having  been  derived  from  a  shoot  800  feet  long. 
600  feet  deep,  and  from  3  to  12  feet  wide.*  The  Piegan  part  of  the 
property  was  systematicaUy  explored  during  1906,  and  a  winze  750 
feet  from  the  portal  of  the  lower  tunnel  was  sunk  to  a  depth  of  750 
feet,  but  the  mine  was  idle  during  1911. 


The  Strawberrv  mine  lies  3  miles  southeast  of  the  town  of  Bald 
Butte  and  near  the  head  of  the  gulch  on  the  east  side  of  Greenhorn 
Mountain.  The  developments  consist  of  an  inclined  shaft  sunk  on 
the  vein,  a  drift  at  120  feet  vertical  depth,  and  a  crosscut  tunnel  from 
the  surface  on  the  mill  level.     A  10-stamp  mill  stands  on  the  property. 

The  vein,  which  strikes  north  and  south  and  dips  60°  W.,  is  situated 
along  the  faulted  contact  of  diorite  and  dark  Marsh  shale.  It  ranges 
in  width  from  3  to  15  inches.  On  the  hanging-wall  side  it  is  separated 
from  the  diorite  by  a  narrow  s^ara  of  gouge,  but  is  frozen  to  the  foot- 
wall.  The  vein  filling  consists  of  quartz  and  calcite,  both  of  which 
are  lamellar  in  habit,  forming  a  gangue  material  entirely  similar  to 
that  of  the  veins  at  Marysville.  The  quartz  is  commonly  of  a  deUcate 
amethj'stine  tint,  and  the  lamellse  are  so  disposed  as  to  form  hollow 
tetrahedrons,  which  are  incrusted  internally  with  small  quartz 
crystals.  Small  pieces  of  slate  inclosed  in  the  vein  are  surrounded  by 
a  radiating  growth  of  quartz  crj'stals. 

The  ore  is  said  to  j^ield  upon  the  plates  between  $30  and  $70  a  ton 
in  gold. 

ELLISTON  DISTRICT. 
LOC.VTIOX. 

Klliston  is  the  fii"st  town  on  the  Xorthern  Pacific  Railway  west  of 
the  Continental  Divide  and  Is  situated  on  Little  Blackfoot  River  at 
an  altitude  of  5,()()()  feet.  It  is  the  shipping  point  of  a  large  territory, 
but  during  llUl  little  mining  was  in  progress  throughout  this  region. 

The  lime  j)lant  of  the  Elliston  Lime  Co.  is  situated  1  mile  east  of 
the  town,  the  kilns  standing  alongside  the  railroad  right  of  way.  The 
raw  material  is  quarried  from  the  Madison  linit^stone,  which  outcrops 
prominently  liere.  Th(i  seasonal  output  of  lime  is  reported  to  be 
12r),()()0  bushels  of  <S()  ])Oun(ls. 

GKOLOCiY. 

The  rocks  in  tlie  immediate  vicinity  of  Klliston  consist  of  an  appar- 
ently conformable  succession  of  limestone,  (juartzite,  and  sandstone, 
striking  north  and  south  and  dij)ping  westward  at  an  angle  of  20°. 
Tluiy  range  in  age  from  Carboniferous  to  Cretaceous.     The  lowest 
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formation  is  the  Madison  limestone,  well  exposed  1  mile  east  of  Ellis- 
ton.  This  is  overlain  by  the  Quadrant  quartzite,  consisting  pre- 
dominantly of  a  dense  massive  quartzite,  near  the  top  of  which  occurs 
a  bed  of  high-grade  phosphate  rock.  The  Quadrant  quartzite  is 
succeeded  concordantly  by  the  Ellis  formation  of  Jurassic  age,  which 
is  highly  fossiliferous  through  a  thickness  of  50  feet.  Above  these 
rocks  come  several  hundred,  possibly  a  thousand,  feet  of  cross- 
bedded  sandstone,  the  upper  portion  of  which  is  doubtless  of  Cre- 
taceous age.  Near  the  west  end  of  the  town  the  quartzite  of  the 
Quadrant  formation  is  brought  up  again  by  a  fault,  but  disappears 
within  a  short  distance  beneath  the  rhyolites  that  are  prominent 
along  the  valley  of  Little  Blackfoot  River  west  of  EUiston. 

Rhyolites  are  present  in  considerable  volume  southwest  of  Ellis- 
toti  and  persist  on  the  flanks  of  the  mountains  up  to  an  altitiulo  of 
6,200  feet.  Some  of  these  rhyolites  differ  considerably  from  the 
rhyolites  common  throughout  the  rest  of  the  region;  one  of  thaso  is 
especially  noteworthy  because  of  its  marked  characteristics.  It  is 
a  snow-white  porphyry  carrying  as  its  sole  porphyritic  constituent 
large  scattered  phenocrysts  of  smoky  quartz.  Breccias  of  this  rock 
are  common.  With  the  rhyolites  are  associated  various  basaltic 
rocks,  among  which  a  black  glistening  variety  carrying  large  amber- 
colored  phenocrysts  of  plagioclase  is  most  prominent. 

Tertiary  lake  beds  underlie  an  extensive  area  west  and  northwest 
of  EUiston.  According  to  Douglass  the  lake  beds  north  of  Avon, 
which  is  9  miles  west  of  EUiston,  are  very  probably  of  lower  Oligocene 
age.  At  the  mouth  of  Snowshoe  Creek  auriferous  gravels  rest  on  an 
eroded  surface  of  lake  beds. 

Well-rounded  gravels,  presumably  of  Pleistocene  age,  occur  600 
feet  above  the  river  in  the  vicinity  of  EUiston,  but  their  origin  was 
npt  investigated.  A  few  miles  southeast  of  the  town  extensive 
morainal  deposits,  as  indicated  by  tlie  ])itte(l  plain  structure,  are 
spread  over  the  broad  valley  of  Little  Blackfoot  River.  These 
deposits,  lying  at  an  altitude  of  5,000  feet,  arc  the  lowest  glacial 
deposits  found  anywhere  in  the  region  considered  in  this  report. 

DESCRIPTrONS    OF    MINES. 
JI7LIA  MINE. 

The  Julia  mine,  the  pro])erty  of  the  Montana-Clinton  (V)j)per  Min- 
ing Co.,  is  situated  8  miles  soutli  of  ElILston  at  an  altitude  of  6,600 
feet  on  the  west  side  of  Telegraj^h  Creok.  TliLs  Ls  a  comparatively 
recently  discovered  proj)erty.  It  is  developed  by  a  shaft  210  f(»et 
deep.  The  vein  is  inclosed  in  granite  and  as  a  rule  lies  between 
exceedingly  well  defined  waUs,  altliough  the  ore  does  not,  except  in  a 
few  places,  fiU  the  entire  vein.  The  course  of  the  vein  is  slightly 
south  of  east  and  the  dip  is  80°  S.     As  seen  on  the  200-foot  level, 
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which  is  150  feet  long,  the  vein  swells  and  copstricts  abruptly, 
ranging  in  thickness  from  6  inches  to  a  maximum  of  5  feet.  The 
sulphides  reach  2  or  3  feet  in  thickness.  The  granite  or  quartz 
monzonite  inclosing  the  vein  is  firm  and  unaltered  up  to  the  walls, 
being  only  slightly  pyritized  for  about  1  foot  from  the  vein;  that 
within  the  vein  is  greatly  altered  and  along  the  walls  there  is  con- 
siderable soft  sticky  gouge  due  to  postmineral  movement. 

The  ore  consists  of  a  heavy  sulphide  mixture  of  galena,  sphaler- 
ite, pyrite,  and  tetrahedrite,  associated  with  subordinate  quartz. 
The  texture  in  places  is  rather  drusy,  vugs  lined  with  quartz  crystals 
being  common.  Tetrahedrite  indicates  a  high  content  in  silver. 
Sulphides  consisting  predominantly  of  pyrite,  which  commonly 
occurs  in  large  well-crystallized  pentagonal  dodecahedrons,  are  dis- 
carded as  valueless.  The  ore  is  stated  to  carry  60  ounces  in  silver 
with  small  amounts  of  lead  and  copper. 

The  surface  ore  is  said  to  carry  much  gold,  but  the  amount  has 
decreased  with  increasing  depth.  The  silver  is  said  to  have  increased. 
As  a  rule,  however,  there  is  little  evidence  of  oxidation  or  enrichment. 

ZVEKnrO  STAR  MniE. 

The  Evening  Star  mine,  better  known  as  the  Big  Dick,  lies  6  miles 
due  south  of  Eliiston  on  the  summit  of  the  mountain  on  the  south 
side  of  Little  Blackfoot  River.  The  altitude  is  7,000  feet.  This 
property  was  idle  during  1911. 

The  country  rock  is  a  coarse  andesitic  breccia,  apparently  bedded; 
the  strike  is  N.  50°  E.  and  the  dip  20°  NW.  It  is  much  jointed  so 
that  determinations  of  strike  and  dip  of  bedding  are  likely  to  be 
unsafe.  The  ore  deposit  is  said  to  be  a  blanket  vein  developed  by  a 
shaft  300  feet  deep  and  is  said  to  dip  north  at  a  low  angle.  The  ore 
carries  galena,  pyrite,  splialorite,  and  arsenopyrite  in  a  quarts: 
gangue;  some  of  the  quartz  contains  numerous  largo  columns  of  black 
tourmaline  intergrown  with  pyrite.  The  ore  is  reported  to  have 
been  high  grade,  carrying  as  much  Jis  3  ounces  of  gold  a  ton.  During 
1906  a  gold-silvcr-load  ore  was  shipped  to  the  East  Helena  smelter 
and  a  production  was  maintained  until  1910.  The  deposit  was 
worked  out  to  the  west  end  line;  during  1911  tlie  lessees  were  engaged 
in  sinking  a  sluift  near  this  end  lino  on  the  adjoining  claim,  which 
is  one  of  a  group  known  as  tho  Finnish  or  Woston  group.  It  was 
ex])octcd  tliat  tho  Big  Dick  vein  would  ho  struck  at  a  (h»pth  of  150 
foot. 

TWIN  CITY  MINING  &  MILLING  CO.'S  MINE. 

Tho  Twin  City  Mining  &  MilHng  Co.'s  property  is  situated  8  miles 
south  of  EIHston  at  an  altitude  of  (),S()0  foot,  on  tho  oast  side  of  Tele- 
graph Crook.  It  is  dcvolopod  l)y  a  sliaft  85  foot  deep  with  a  crosscut 
at  the  bottom  21  feet  long,  but  tliose  were  under  water  at  the  time  of 
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Visit.  The  vein  is  inclosed  in  granite,  trends  N.  70®  E.,  and  is  18 
feet  wide.  It  is  reported  that  8  feet  of  the  lode  adjoining  the  footwall 
averages  $3.60  a  tori,  the  product  being  gold,  silver,  copper,  and  lead. 
ITie  material  on  the  dump  resembles  in  part  the  ore  at  Rimini,  being  a 
black  tourmaline-bearing  quartz  ore.  Some  strong  tourmalinic  lodes 
have  been  uncovered  in  the  vicinity  of  the  shaft,  but  they  have  not 
been  found  to  carry  any  valuable  constituents. 

ONTABIO  MIKE. 

The  Ontario  mine,  which  lias  the  reputation  of  having  been  one  of 
the  largest  producers  in  the  Rimini  district,  is  situated  near  the  head 
of  Ontario  Creek,  a  branch  of  Little  Blackfoot  River.  The  main 
developments  consist  of  a  crosscut  tunnel  800  feet  long,  from  wliich 
is  sunk  a  shaft  320  feet  deep.  These  workings  were  inaccessible  during 
1911.  The  country  rock  is  granite,  and  the  ore,  as  shown  on  the 
dumps,  consists  of  pyrite,  sphalerite,  and  galena,  inclosed  in  quartz. 

MOKARCH  Knrs. 

The  Monarch  mine  lies  on  the  north  flank  of  Bison  Mountain  at  an 
elevation  of  7,250  feet.  Geologically  it  is  situated  near  the  intrusive 
contact  of  the  quartz  monzonite  and  the  overlying  andesites.  The 
ore  miaerals  are  galena,  blende^  pyrite,  and  arsenopyritc  in  quartz. 

BLUE  BELL  MniE. 

The  Blue  Bell  mine,  although  long  idle,  is  worthy  of  description 
here  on  account  of  its  unusually  interesting  geologic  features.  The 
mine  is  situated  1  mile  southeast  of  the  west  portal  of  the  Mullan 
tunnel.  The  developments  consist  of  a  shaft,  a  number  of  surface 
cuts,  and  a  tunnel  about  175  feet  below  the  collar  of  the  shaft.  It  is 
reported  that  some  rich  copper  ore  was  sliipped  from  the  mine. 

The  country  rock  is  a  monzonite  containing  numerous  large  porphy- 
ritic  orthoclase  crystals.  The  nearest  hitrudcd  rock  is  a  mile  distant 
and  consists  of  Madison  limestone.  The  ore  material  is  mainly  fine- 
grained garnet  rock  carr^'^ing  disseminated  molybdenite  and  pyrite. 
There  is  also  much  porous  rock  composed  of  large  euhedral  garnets 
coated  with  secondary  minerals.  An  open  cut  2()()  feet  from  tlie 
shaft  shows  clearly  the  geologic  relations  (^f  tlie  ore  to  the  inclosing 
country  rock.  In  this  open  cut  the  loclc*  is  about  12  feet  wide,  and 
the  filling  consists  of  garnet  rock  inclosing  a  few  irregular  thin  masses 
of  monzonite.  These  horses  are  in  fact  ungarnetized  residuals  of 
monzonite.  Veinlets  of  garnet  traverse  the  monzonite  exactly  as 
veinlets  of  quartz  and  tourmaline  do  in  the  ordmary  fonns  of  minerali- 
zation throughout  the  region.  In  the  vicinity  of  fine  cracks  near  the 
gametized  zone  the  plagioclase  feldspars  of  the  motizonite  have  been 
converted  solidly  to  brilliant  yellowish-green  aggregates  of  epidote. 
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and  the  rock  is  thus  rendered  strikingly  porphyritic.  The  thin  vein- 
.  lets  of  garnet  are  commonly  bordered  by  a  white  band  of  altered 
monzonite,  contrasting  markedly  with  the  normal  dark-gray  color 
of  the  monzonite.  When  examined  microscopically,  the  white  rock 
adjoining  the  garnet  veins  is  found  to  consist  essentially  of  garnet  and 
scapolite,  with  subordinate  amounts  of  epidote,  orthoclase,  plagio- 
clasc,  pyroxene,  quartz,  and  apatite.  Some  of  the  massive  garnet 
rock  is  found  under  the  microscope  to  consist  predominantly  of  garnet, 
with  which  is  associated  some  monoclinic  p3rroxene,  suggestive  of 
hedcnbergitc,  and  a  small  amount  of  sericite.  The  garnet  is  a  dark- 
brown  variety,  whose  index  of  refraction  exceeds  1.79. 

All  the  features  of  this  deposit  suggest  that  it  is  a  vein  of  garnet 
in  the  monzonite.  It  is  possible  that  it  represents  a  highly  metamor- 
phosed inclusion  of  limestone  from  the  roof  of  the  batholith,  but  the 
field  evidence  seems  to  be  against  this  supposition.  Whatever  ex- 
planation is  adopted,  the  phenomena  here  show  conclusively  that  the 
garnet  molecule  is  able  to  migrate  and  form  veinlike  deposits  under 
the  influence  of  chlorine-bearing  solutions. 

BIMINI  DISTRICT. 
LOCATION. 

Rimini  lies  at  an  altitude  of  5,200  feet,  14  miles  by  air  line  south- 
west of  Helena.  It  is  situated  on  Tenmile  Creek,  which  flows  in  a 
deep  gorge  just  above  the  town,  between  Red  Mountain  on  the  east 
and  Lee  Mountain  on  the  west.  The  surrounding  country  is  of  high 
relief,  so  that  mine  development  is  favored  to  an  unusual  extent  by  the 
ease  and  advantage  with  which  adit  tunnels  can  be  constructed. 

Rimini  is  the  terminal  point  of  a  branch  of  the  Northern  Pacific 
Railway  from  Helena;  owing  to  the  i)resent  low  state  of  the  mining 
industry  a  semiweekly  service  only  is  maintained.  A  considerable 
mining  territory  is  tributary  to  Rimini;  this  was  formerly,  and  is 
occasionally  now,  known  as  the  Vaujijhn  mining  district. 

(;k()L()(;y. 

The  ]>revaiJin<j:  country  rock  is  coarse-grained  granite,  technically 
u  quartz  monzonite,  composed  of  pla<i:iochise,  orthoclase,  quartz, 
hiotitc,  and  liorni)lon(lc.  It  is  of  uniform  a]>])carance  and,  as  shown 
})y  clicmic^al  analysis  of  material  from  the  Frohnor  and  Valley  Forge 
mines,  coincides  in  composition  with  tlu'  <j:eneral  rock  of  the  Boulder 
hatholith.  A  considerable  hody  of  aplite  extends  along  the  ridge 
from  the  reckless  Jennie  mine  to  Red  Mountain,  where  it  is  covered 
by  rhyolite. 

Pre<xranitic  ro<'ks,  represented  by  the  andesite-latite  series,  occur 
2  miles  below  Rimini  and  extend  westward  across  the  Continental 
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Divide.  On  the  summit  a  flow-streaked  biotite  latite  is  well  exposed, 
and  masses  of  diorite  porphyry  are  common.  Farther  south  on  the 
divide  is  a  small  patch  of  profoundly  tourmalinized  andesite.  The 
distribution  of  these  pregranitic  rocks  suggests  that  although  bare 
granite  is  the  dominant  surface  rock  in  the  Rimini  district,  the  present 
surface  is  neither  far  removed  nor  much  below  the  under  surface  of 
the  cover  beneatli  which  the  granite  was  intruded.  The  greatest 
depth  is  indicated  at  Rimini,  possibly  2,000  feet. 

Rhyolites  are  a  conspicuous  element  in  the  geology  of  the  district. 
They  form  the  capping  of  Red  Mountain  and  of  Leo  Mountain, 
extend  southward  along  the  high  summits,  and  form  the  bedrock 
of  the  well-known  *^  porphyry  dike^'  country.  Those  of  Red  Moun- 
tain display  a  great  variety  of  color  and  texture,  but  nearly  universal 
features  are  flow  streaking,  abundant  phenocrysts  of  smoky  quartz, 
and  phenocrysts  of  sanidine,  commonly  opalescent.  The  rhyolites  are 
mainly  lithoidal  porphyries  but  include  some  obsidian  and  some 

breccias. 

ORE  DEPOsrrs. 

Two  periods  of  mineralization  are  recognizable  at  Rimini:  An 
older  or  late  Cretaceous  and  a  younger  or  late  Tertiary  period.  The 
ore  bodies  of  the  first  period  are  auriferous  silver-lead  deposits 
inclosed  in  granite.  The  principal  ore  mineral  is  galena,  accom- 
panied by  sphalerite  and  pyrite.  Most  of  the  lodes  are  notably 
tourmaline-bearing,  and  the  characteristics  of  these  deposits  have 
been  described  on  pages  46-51  under  the  heading ''Tourmalinic  silver- 
lead  deposits."  It  i^  to  be  noted  that  at  Rimini  tourmaline  is  usually 
called  hornblende. 

Among  the  deposits  of  this  kind  may  be  enumerated  the  Lee 
Mountain,  Valley  Forge,  East  Pacific,  Lady  Washington,  John 
McGrew,  and  Armstrong  on  Minnehaha  Creek.  Others,  such  as  the 
Election,  show  only  feeble  tourmalinization,  and  still  others,  such  as 
the  Eureka,  show  no  tounnalinization,  so  far  as  this  study  was  able 
to  determine.  These  probably  represent,  the  nontourmalinic  phase 
of  the  same  mineralization,  comparable  in  its  effects  to  that  which 
has  altered  the  footwall  of  tlic  Valley  Forgo  mine. 

Sulphide  ore  is  em^ountcrcd  at  sliallow  deptlis  beneath  the  car- 
bonate zone;  in  the  Valley  Forg(^  mine,  for  examj)lo,  at  40  foot. 
Although  the  relief  of  the  district  is  lar^o  and  abrupt,  water  stands 
near  the  surface.  At  an  allitudi^  of  (),2r)()  foot  wator  stands  in  the 
East  Pacific  shaft  at  50  foot  doptli,  although  tho  hod  of  Toiimile 
Creek,  less  than  a  mile  away,  is  1 ,000  foot  lower. 

Mining  activity  was  at  a  low  ebb  during  1911.  Yet  it  seems  prob- 
able that  at  least  some  of  the  mines  which  have  been  important  pro- 
ducers in  the  past  may  again  become  productive  upon  systematic 
70936'— Bull.  527—13 6 
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exploration  and  development.  There  seems  to  be  no  reason  against 
the  possibility  that  as  good  bodies  of  ore  may  be  encountered  in 
depth  as  have  been  found  on  the  upper  levels.  Further,  as  has 
already  been  pointed  out,  the  ore  occurs  in  chambers  scattered 
through  zones  of  tourmalinized  and  sericitized  granite;  it  follows, 
therefore,  that  any  such  zone  of  profound  alteration  should  be 
explored  thorouglily  along  the  strike  and  equaUy  thoroughly  across 
the  strike  by  erosvscuts  driven  across  the  full  width  of  the  ore-bearing 
zone. 

The  Tertiary  deposits  consist  of  low-grade  disseminated  gold  ore 
inclosed  in  the  rhyolites  resting  on  the  eroded  surface  of  the  granite. 
The  most  prominent  is  the  *^ porphyry  dike''  property,  near  the 
head  of  Tcnmilo  Creek.  The  '^dike,"  however,  is  not  a  dike  but  a 
series  of  surface  flows  of  rhyolite  lying  on  the  granite.  The  practical 
importance  of  this  distinction  is  of  course  obvious:  A  dike  has  an 
indefinite  extension  downward,  whereas  the  rhyolite  flows  form  a 
capping  of  definite  thickness,  being  terminated  in  depth  by  the 
granite  floor  on  which  they  rest.  The  rhyolites  are  altered  and 
impregnated  with  gold  along  small  fractures,  the  whole  mass  consti- 
tuting a  low-grade  ore  said  to  carry  several  dollars  to  the  ton.  More 
details  are  given  in  the  special  descriptions. 

DESCRIPTIONS  OF  MINES. 
VALLEY  FORGE  MINE. 

The  Valley  Forge  mine  is  situated  on  the  flank  of  the  mountain 
just  east  of  the  town  of  Rimini.  It  is  developed  by  a  series  of  drift 
tunnels,  the  lowest  of  which  is  at  an  altitude  of  5,800  feet;  in  this  a 
winze  was  sunk  1 00  feet  deep.  The  ore  bins  at  the  mouth  of  the  lowest 
tunnel  are  connected  with  the  Northern  Pacific  Railway  by  an 
aerial  tramway.  The  extreme  depth  attained  below  the  surface  is 
approximately  325  feet.  A  tunnel  was  commenced  from  the  level 
of  the  town  of  Rimini  which  will  give  an  additional  depth  of  600  feet 
on  the  lode;  the  length  required  Ls  estimated  to  be  1,385  feet,  but  as 
yet  only  300  feet  have  been  completed. 

All  ore  above  tlu^  main  timuel  has  been  stoped  out.  During  the 
early  part  of  1911  three  men  were  employed  getting  out  carbonate 
ore  from  the  outcrops.  This  was  shii)j)e(l  to  the  P]ast  Helena  smelter 
and  is  stated  to  have  carri(»d  SO  in  gold,  12  ounces  in  silver,  and  7  per 
cent  lead,  but  this  is  low-grade  ore.  Ilighcr-gradc  material  is  said 
to  carry  as  much  as  811  in  gold. 

The  total  production  of  the  mine  is  about  $200,000,  the  ore  ranging 
in  value  from  $15  to  $30  a  ton  in  gold,  silver,  and  lead.  The  gold 
exceeded  the  silver  in  value  and  the  lead  ran  as  high  as  40  per  cent. 

The  general  country  rock  at  the  mine  is  granite,  although  just  to 
the  north  across  the  gulch  is  a  small  patch  of  11  oh- -streaked  rhyolite. 
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The  lode  trends  east  and  west  and  dips  80®  S.,  thus  conforming  with 
the  general  trend  of  the  veins  at  Rimini.  It  averages  4  feet  in  width. 
The  footwall  is  conmionly  well  defined  and  consists  of  sericitizcd  granite 
impregnated  with  pyrite,  galena,  sphalerite,  and  arsenopyrito,  as 
described  eisewhere  in  detail  in  this  report.  The  hanging  wall  con- 
sists of  quartz-tourmaline  rock  or  so-called  black  quartz,  which  in 
places  reaches  6  feet  in  thickness.  This  carries  a  small  amount  of 
pyrite,  some  sphalerite,  and  galena;  locally  all  three  of  these  sul- 
phides are  intergrown. 

The  commercial  ore  consists  of  an  aggregate  of  galena  and  pyrite 
which  is  associated  with  some  sphalerite  and  rarely  some  chalcoj)y- 
rite.  The  ore  occurs  iu  shoots  l\dng  beneath  the  hanging  wall  of 
black  quartz-tourmaline  rock.  The  shoot  on  the  lowermost  tunnel, 
No.  3,  was  350  feet  long,  but  for  450  feet  from  the  portal  the  lode  or 
mineralized  zone,  although  well  defmed,  was  barren. 

Two  hundred  feet  south  of  the  Valley  Forge  lode  is  a  vem  of  heavy 
jasperoid  which  has  been  opened  by  prospect  i)its  to  some  extent. 
It  is  said  to  carry  gold  in  places.  The  bdge  is  formed  along  a  brec- 
ciated  zone  of  tourmalinized  granite.  Analysis  by  J.  G.  Fairchild 
of  the  heavy  red  jasperoid  material  shows  that  it  contains  43.60  per 
cent  ferric  oxide,  representing  total  iron,  49.06  per  cent  silica,  and 
6.38  per  cent  water. 

LEE  MOUNTAIN  XINE. 

The  Lee  Mountain  mine  is  situated  on  the  west  bank  of  Tenmile 
Creek  at  Rimini.  The  lode  was  discovered  in  1864  by  John  Caplice 
and  the  claim  was  staked  undcT  the  old  Montana  law  that  idlowed 
the  preemption  of  claims  2,200  feet  long  and  100  feet  wide.  The  mine 
was  opened  by  a  series  of  drift  tunnels,  the  lowest  of  which,  driven  30 
years  ago,  is  approximately  850  feet  long  and  attains  a  d(»j)th  of  600 
feet.  The  present  le^ssees  contemplate  shiking  a  shaft  to  a  depth  of  200 
feet  below  the  level  of  this  tuiuicl  and  drifting  eastward  under  the  bed 
of  the  creek,  where,  according  to  rci)()rt,  a  good  l)0(ly  of  ore  was  ex- 
posed before  the  stream  bed  was  covered  with  rock  debris. 

The  production  of  the  Lee  Mountain  mine  ls  conservatively  esti- 
mated as  $1,500,000,  of  whicli  SToO.OOO  is  authenticated  by  smelter 
returns. 

Tlie  ore  occurs  in  chambers  distributed  through  a  zone  about  50 
feet  wide.  The  general  tnMid  of  the  ore-b(^aring  zone  is  X.  So"^  E. 
and  the  dip  80°  S.  A  hMlge.  of  bhuk  t()unnaline-([uartz  rock,  ranging 
up  to  8  feet  in  thickness,  a('('oin])anies  the  ore-bearing  zone.  The  oro 
makes  in  the  adjoining  highly  sc^'icitized  granite  and  consists  of  a 
mixture  of  galena,  sphalerite,  pyrite,  and  subordinate  ai>;enopyrite, 
with  some  tetrahedrite.  Mow  or  less  altered  granite  is  mixed  with 
the  sulphides.  Considerable  postmineral  movement  has  affected  the 
ore  bodies  and  in  consequence  much  soft  sericitic  gouge  is  present. 
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Ore  recently  developed  at  the  face  of  the  lowest  tunnel  yielded,  as 
shipped,  $2  to  $4  in  gold,  20  ounces  of  silver,  and  10  per  cent  lead;  it 
also  carried  8  per  cent  zinc.  This  ore  is  a  mixture  of  primary  sulphides 
and  indicates  that  the  unoxidized  ore  of  the  deeper  workings  is  of 
payable  grade.  It  is  probable  that  the  ore  worked  formerly  consisted 
largely  of  oxidized  material,  from  which,  as  shown  by  some  sacked  ore 
still  remaining,  the  zinc  had  been  entirely  leached  out. 

JOHN  IfcOREW  PROSPECT. 

The  John  McGrew  claim  was  being  developed  under  bond  during  the 
summer  of  1911.  It  is  an  old  property,  having  been  located  over  30 
years  ago.  Developments  consist  of  a  drift  tunnel  within  which  a 
winze  was  sunk  35  feet;  at  the  bottom  of  this  a  drift  along  the  vein 
was  being  driven. 

The  lode  is  inclosed  in  granite  and  the  ore  makes  abruptly  and  capri- 
ciously along  a  ledge  of  black  quartz-tourmaline  rock.  In  the  bottom 
drift  the  lode  is  18  inches  wide  and  shows  a  banded  structure.  Along 
the  hanging  wall  there  is  3  inches  of  barren  black  tourmaline;  this 
merges  toward  the  footwall  into  a  low-grade  pyrito  galena  ore  and 
becomes  quartzose  on  the  footwall.  Barren  gray  quartz,  3  inches  wide, 
rests  directly  on  the  footwall.  A  small  amount  of  iron-stained  gouge 
is  found  along  the  walls. 

FEBBLESS  JENNIE  MINB. 

The  Peerle^ss  Jennie  mine  is  situated  near  the  divide  at  the  head  of 
Tenmile  Creek  at  an  altitude  of  7,500  feet.  It  was  formerly  a  con- 
siderable producer  of  silver-lead  ore,  but  has  been  idle  for  many 
years.  The  vein  consists  of  a  crushed  zone  in  granite  about  6  feet 
wide  and  dipping  70°  N.  The  underground  workings  comprise  a 
crosscut  tunnel  240  feet  long  and  several  hundred  feet  of  drift  along 
the  vein.  The  adit  level  attains  a  depth  of  approximately  200  feet 
from  the  surface  and  the  ore  is  stoped  out  to  the  shaft  level  above. 
At  the  face  the  vein  consists  of  crushed  granite,  containing  locally 
small  seams  of  ciiiartz.  The  granite  adjoining  the  vein  is  thoroughly 
sericitized  and  impregnated  with  cubical  pyrite.  The  ore  on  the 
dump  is  chiefly  pyrite  eml)edded  in  quartz,  associated  with  sphalerite 
and  in  places  with  cerusite.  The  richest  ore  is  said  to  have  occurred 
in  pockets  of  galena. 

Accordintj:  to  K.  W.  Kavniond  ^  the  surface  ores  were  extraordi- 
narily rich;  50  tons  averaged  \H){)  ounces  of  silver  to  the  ton  and  200 
tons  avera<;c(l  nearly  500  ounces. 

PORPHYRT  DIKE. 

Tlie  summits  of  the  mountains  between  Riibv  and  Monitor  creeks 
at  the  head  of  Tenmil(»  are  capped  by  a  series  of  rhyolite  flows  and 


>  Sutistics  of  mines  and  mining  in  the  States  and  Torritorics  wost  of  the  Rocky  Mountains,  1874,  p.  362. 
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interbedded  tuffs  and  breccias.  This  rhyolite  capping  is  known  as 
the  porphyry  dike,  and  the  whole  area  throughout  which  it  occurs 
has  been  covered  by  mining  claims.  That  this  rhyolite  is  auriferous 
is  indicated  by  the  fact  that  old  placer  workings  extend  to  the  very 
summit  of  the  range,  where  the  streams  flowed  on  a  rhyoUte  bedrock. 

At  7,500  feet  altitude  is  a  large  pit  about  50  feet  in  diameter  and 
averaging  40  feet  deep,  from  which  ore  was  taken  out  and  treated  in 
a  10-stamp  mill  until  the  work  was  stopped  by  the  water  company 
that  furnishes  the  municipal  supply  for  Helena.  A  tunnel  has  been 
driven  approximately  125  feet  below  the  pit  and  is  said  to  be  1,400 
feet  long.     It  commences  in  the  granite  on  which  the  rhyoUtes  rest. 

The  country  rock  as  exposed  at  the  pit  from  which  the  ore  was 
quarried  is  a  strongly  flow-banded  and  laminated  rhyolite;  the  flow 
bands  are  steeply  tilted  at  angles  ranging  from  60°  to  90°  and  are 
convoluted  and  irregular  in  direction.  The  rhyolite  is  remarkably 
full  of  hthophyssB  (stone  roses),  ranging  in  size  from  a  fraction  of 
an  inch  to  several  inches.  At  one  place  there  is  a  width  of  20  feet 
of  lithophysal  rhyoUte.  The  walls  of  the  lithophysae  are  coated 
with  quartz  crystals,  as  are  also  the  pores  and  cavities  in  the  flow 
bands  of  the  rhyoUtes.  In  places  the  quartz  has  grown  exceedingly 
coarse,  some  prisms  an  inch  in  diameter  having  been  formed.  The 
rhyoUtes  are  generally  of  white  chalky  appearance  and  in  places  are 
interlaced  with  quartz  veinlets  one-tenth  of  an  inch  in  thickness. 
They  are  considerably  less  porphyritic  than  the  varieties  of  rhyoUte 
prevailing  in  the  surrounding  region,  but  carry  sporadic  phenocrysts 
of  quartz.  Under  the  microscope  they  exhibit  the  usual  features  of 
rhyoUtes,  except  that  they  have  been  considerably  sericitized  and 
that  much  kaolin  is  present. 

The  rhyoUtes  show  some  Umonite  derived  from  the  oxidation  of 
pyrite  crystals.  They  are  traversed  also  by  limonite-stained  frac- 
tures, which  are  said  to  be  particularly  favorable  places  for  the  occur- 
rence of  gold.  As  a  rule,  however,  gold  is  not  visible  to  the  eye. 
The  deposits  have  been  extensively  sampled,  both  by  surface  work 
and  by  diamond  drilling,  and  are  said  to  show  a  gold  tenor  of  several 
doUars  to  the  ton. 

In  addition  to  the  ore  taken  at  the  pit  described  above,  considerable 
ore  was  mined  at  the  j)its  on  the  property  known  as  the  Pauj)er's 
Dream.  The  rock  exposed  in  tlies(»  })its  consists  of  rhyolite  tiiiF- 
breccia  of  kaoUnized  appearance ;  this  ore  is  reported  to  have  milled 
$2  a  ton  in  gold. 

HELENA  DISTKICT. 
HISTOKICAL    SKETCU. 

Helena,  the  capital  of  Montana,  is  a  city  of  12,515  population, 
situated  in  Lewis  and  Clark  County  at  an  elevation  of  4,100  feet. 
It  was  founded  in  1864  as  a  result  of  the  discovery  of  the  Last  Chance 
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placer  by  a  party  of  prospectors  who  had  turned  hack  from  tlid 
Kootenai  stampech*.  In  the  fall  of  the  same  year  lode  gold  was 
discovered  on  the  divi(h»  betwec^n  Oro  Kino  and  (Jrizzly  gulches,  5 
miles  south  of  Helena.  This  was  the  famous  Whil latch-Union  lode 
which,  according  to  report,  hus  produced  $r),()()(),00()  to  date. 

The  gohl  placet's  were  soon  exhausted,  but  a  considerable  quartz 
mining  industr}'  sprang  up  south  of  Helena,  at  Park  and  I'nionville. 
The  earht»st  estimate  on  record  concerning  th(»  output  of  the  Last 
Chance  placer  is  that  by  \'om  Itath  in  \SSl\,  who  giv(»s  the  output  as 
over  $10,000,000;*  suc<*ccding  estimates,  l)yBancn»ft  in  1S89,  place 
the  output  at  $1  (>,()()(),()()();=  by  Swallow  in  ISOO,  at  $30,000,000,'  and 
by  recent  writers  at  $35,000,()()().  The  estimates  have  thus  increased 
enormously,  although  |)lacer  mining  had  long  ceased  to  exist  pre- 
vious to  1SS3. 

During  1911  little  mining  of  any  kind  was  in  progress.  The  pn>- 
duction  of  precious  nu^tals,  mainly  gold,  in  1010  was  about  $15,(K)0. 

GEOLOGY. 

Tlie  distribution  of  the  geologic  formations  in  the  vicinity  of  Helena 
is  shown  on  the  accompanying  maj)  (PI.  VII)  on  the  scale  of  approxi- 
nnitely  1  mile  to  the  inch.  Tliis  map  was  pn^pared  by  W.  H.  Weed 
and  his  tvssistants  and  shows  the  geoh^gy  of  the  area  in  far  greater 
letail  than  is  shown  on  Plate  T.*  The  following  text  (pp.  86  to  98) 
is  taken,  with  few  changes,  from  an  unpublished  report  by  Mr.  Weed. 
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SEDIMENTARY  ROCKS. 

GKNKKAI.   KKATlRKa. 


The  various  sediment nrv  formations  reeognizetl  in  the  Little  Belt 
Mountains  and  in  the  nmges  near  Livingston  can  in  n  general  way  be 
<'orrelated  with  tin*  se<limentary  series  at  Helena.  The  series  difFers, 
liowever,  somewhat  in  (let nil  ami  no  sliarj)  <liserimination  of  the  for- 
mations by  m(»ans  (»f  fossil  remains  is  as  y<'t  p«»ssihl(»,  owing  to  lack 
oi  evidenet*.  Fo><ils  ai'(»  not  abuntlant.  The  (\'imbrian  and  the 
Carbt)niferous  lime>lones  u>nally  carry  >1h'I1  remains,  but  in  general 
the  rocks  are  i)arren  and  over  a  (M)n>i(h'rai>le  an*a  are  altered,  the 
lim(»stones  being  niarniarize«l  hy  conta<l  iiic!aiiior|>]n<m  due  to  the 
granite  inlru^ion.  Tlii-.  contat-t  TutManiornhi^m  i<  e-|)e<-ially  notable 
in   the   Me>o7.oic    rock-;,    wh«»«»<'   dctcriMinalinn    a<   ^\U'\\   is   based   on 
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Btratigraphic  sequence  and  character — fortunately  satisfactory  evi- 
dence in  this  case.  The  formatioas  are  mapped  according  to  the 
detailed  tracing  of  distinctive  and  easily  re(»ognizable  be<;ls  by 
L-  S.  Griswold.  The  boundaries  adopted  for  intci'\^ening  formations 
are  somewhat  arbitrary  but  have  been  checked  up  or  connected  at 
several  points  and  are  substantially  correct. 

Great  difficulty  was  experienced  in  attempting  to  delhie  the  suIh 
divisions  of  the  Algonkian.  The  various  formations  of  the  Belt 
series  are  as  a  whole  indivi(hialized,  but  thoy  are  extremely  difiicult 
to  define  in  mapping  and  the  boimdaries  on  the  map  are  not  closely 
accurate. 

Thicknesses  were  determined  by  two  carofullv  measured  sections, 
one  on  Mount  Helena  and  in  its  vicinitv  an<l  the  other  near  Union- 
ville,  many  partial  sections  being  measured  elsewhere.  Xo  ])lace  was 
found  where  the  whole  se<iuence  of  beds  was  satisfa<'toriIy  exposed, 
but  the  section  is  correct  so  far  as  determinable  along  the  line  mea^ 
uredy  additional  information  being  derived  from  work  near  by. 

For  the  reasons  already  stated  no  distinction  could  be  maile  in  the 
Mesozoic.  The  Jurassic  is  believed  to  be  present,  as  it  is  well  devel- 
oped at  various  points  not  far  distant  on  every  side,  but  careful 
examination  furnished  no  satisfactory  proof  of  its  presence  here.  The 
same  reason  explains  the  lack  of  subdivision  in  the  Cretaceous. 

ALGONKIAN   SYSTEM. 

Distrihyiian  and  suhdimsion. — Tlie  oldest  rocks  of  the  Helena  dis- 
trict are  those  of  the  Belt  series,  of  Algonkian  age.  The  series, 
where  fully  developed,  consists  of  eight  formations,  each  well  defined 
as  a  whole,  but  grading  into  one  anotlier,  so  that  the  subdivisions  are 
not  sharp  Mid  can  not  be  adociuately  separated  in  mapping  in  tliis 
region.  The  series  is  named  from  its  occurrence  in  the  Big  Belt 
Mountains,  where  it  is  typically  developed  and  forms  tlie  core  of  the 
range.  The  rocks  cover  a  hirgc  area  in  nortliwest  Montana,  extend- 
ing northward  into  Canarla.  The  following  formations  have  been 
established  by  Walcott,  who  giv(\^  the  thicknesses  hore  stated: 

Foot. 

Marsh  nhale 'MH) 

Helena  limestone 2,  UK) 

Empire  shale vah) 

Spokane  shale l.r><H) 

Greyson  shale ;{.  (mk) 

Newland  limeHtont* J.  (KM) 

Chamberlain  shalr 1 .  :ak) 

Neihart  quartzite 700 

In  the  Helena  distri<.*t  only  the  four  uppermost  formations  are 
found,  and  the  top  of  the  Marsh  shale  has  been  eroded  before  the 
deposition  of  the  Cambrian,  so  that  the  upper  limit  of  the  formation 
and  its  entire  thickness  are  not  known. 
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Spokane  shale, — ^The  oldest  rock  of  the  Helena  district  is  the  Spo- 
kane shale.  It  consists  of  massive  and  thinly  bedded  siliceous  shales, 
usually  of  a  deep-red  color  but  passing  in  places  into  green  and  gray 
rocks,  containing  arenaceous  beds  which  merge  at  times  into  sand- 
stone. The  formation  is  named  from  the  Spokane  Hills,  15  miles 
east  of  Helena,  where  it  is  finely  developed.  The  rocks  form  low 
hills  bordering  the  Prickly  Pear  Valley  on  the  north  and  west. 

Empire  shale, — The  Empire  shale  is  a  formation  composed  of 
massive-bedded,  greenish-gray,  well-banded,  siliceous  shales,  showing 
color  bandings  of  light  and  dark  material  and  locally  a  marked 
knotty  structure.  The  thickness  is  estimated  by  Walcott  at  600 
feet.  The  rocks  are  seen  in  the  hills  near  the  railroad  from  2  to  3 
miles  west  of  East  Helena.  At  tliis  locality  they  consist  of  pale 
greenish-gray  slates,  with  characteristic  purple  spots. 

Helena  .  limestone, — The  Helena  limestone  is  a  formation  com- 
posed pre<lominantly  of  impure  bluish-gray  or  gray  noncrystalline 
limestone.  The  limestones  occur  in  beds  1  foot  to  6  feet  thick  and 
contain  tliin  interbedded  bands  of  gray  siliceous  shale,  more  rarely 
of  green  to  purple  clay  shales.  The  limestones  are  ordinarily  dark 
blue  on  fresh  fracture  but  show  a  characteristic  buff-colored  velvety 
appearing  surface  on  weathering.  The  upper  beds  have  a  rough 
surface,  with  a  pale  or  blue-gray  color,  and  resemble  Cambrian  rocks. 
These  beds  alternate  wirii  shale  and  form  the  ridges  on  the  north- 
west foot  slopes  of  Mount  Helena. 

The  formation  has  no  distinctive  physiograpliic  expression  within 
the  district,  but  its  relatively  massive  bedding  gives  the  limestone 
prominence  on  the  slopes  about  the  city. 

The  name  was  given  the  formation  by  Walcott  from  its  typical 
occurrence  about  the  city  of  Helena. 

The  formation  is  barren  of  fossils,  tlioiigh  tlie  oolitic  character  and 
the  local  presence  of  carbonaceous  markings  lias  led  to  the  belief  that 
they  will  ultimately  be  found.  The  estimated  tliickness  of  2,400 
feet  in  tliis  vicinity  is  based  on  rough  measurenients,  as  it  is  impos- 
sible to  lind  a  satisfactory  (»xposiiro  of  the  entire  formation  for  exact 
measurement.  The  formation  covers  a  lar^(»  part  of  the  district, 
esj)ecial]y  about  tlic  bonh^rs  of  the  Prickly  Pear  Valley.  So  far  as 
known  the  rocks  are  confonuahle  to  tlie  formations  above  and  below, 
and  grade  into  them  by  intercalations  of  sliale.  Tlie  iip])er  and 
lower  limits  arc  tlieroforc  not  shar])ly  dclinablc.  A])Out  a  mile  east 
of  Helena  the  Mar^h  shale  is  wanting  and  the  Cambrian  quartzite 
rests  din»ctly  on  the  eroded  surfaces  of  th(^  Helena  limestone.  Good 
outcrops  are  seen  near  the  liigh  school  witliin  the  city  limits. 

On  the  nortli  face  of  ^fount  Helena  the  Cambrian  quartzite  rests 
on  dark-blue  and  dense  limestones,  weatliering  bufT,  and  these  rocks 
in  turn  rest  on  pink  and  buff-colored  shales,  which  appear  red  in 
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mo8t  exposures  and  arc  included  as  part  of  the  Helena  limestone. 
These  reddish  shales  contain  numerous  massive  beds  of  white  cherty 
limestone^  forming  reefs  running  obliquely  across  the  slopes  and 
extending  downward  within  a  few  yards  of  the  streets  of  Kenwood. 
The  beds  of  limestone  are  6  to  10  feet  thick  and  in  weathering  and 
character  resemble  those  of  Paleozoic  rocks.  The  same  pink  and 
buff-colored  shales,  with  interbedded  limestones,  are  seen  in  the  gulch 
east  of  Lenox,  the  4,350-foot  knoll  at  tliat  locality  showing  light-gray 
fine  oolitic  limestone  with  black  grains  in  a  wliite  matrix. 

Marsh  shale, — The  Marsh  sliale  consists  of  red  and  yellowLsh-green 
shales  and  thin-bedded  sandstones.  According  to  Walcott,  it  is  250 
feet  thick  east  of  Helena;  on  the  north  sloj)e  of  Mount  Helena  it  is 
reduced  to  75  feet;  and  to  tJic  northwest  it  increases  in  thickness  to 
300  feet.  The  formation  is  cut  out  1  mile  southeast  of  Helena,  but 
the  shales  reappear  at  a  point  2  miles  southeast  of  the  city.  The 
name  is  derived  from  Marsh  Creek,  in  the  vicinity  of  Marysville, 
Mont.,  where  the  formation  is  typically  developed.  It  is  also  the 
predominant  formation  on  the  slopes  of  Greenl>orn  Mountain,  near 
Marysville.  It  is  seen  underlying  the  Flathead  quartzite  on  upper 
Main  Street  in  the  city  of.  Helena,  165  feet  of  beds  being  exposed 

CAMBRIAN   SYSTEM. 

Subdivisions  and  character. — ^The  Cambrian  rocks  of  the  Helena 
region,  as  in  the  Little  Belt  Mountain  region  to  the  east,  are  divisible 
into  seven  formations.  All  these  formations  except  the  uppermost — 
the  Yogo  limestone — are  of  XCddle  Cambrian  age;  the  Yogo  limestone 
is  of  Middle  Cambrian  and  Upper  Cambrian  age,  according  to  Walcott. 
The  Helena  region  shows  the  same  alternations  of  quartzite,  lime- 
stone, and  shale  recognized  in  the  mountains  to  the  cast  of  tlie  Little 
Belt  region  and  soutliward  to  the  Yellowstone  Park;  the  formation 
names  adopted  for  the  Little  Belt  region  wUl  therefore  be  used  in 
this  report.  These  names  are,  from  tlie  basal  formation  upward, 
Flathead  quartzite,  Wolscy  shale,  Meagher  limestone,  Park  shale, 
Pilgrim  limestone.  Dry  Creek  sliale,  and  Yogo  limestone.  On  the 
map  the  Flathead  quartzite  is  discriminated  and  the  rest  of  the 
Cambrian  formations  are  shown  undivided. 

The  line  between  the  Cambrian  and  Devonian  rocks  was  orig- 
inally supposed  to  be  the  upper  limit  of  a  well-marked  shale  holt. 
Tliis  shale  belt  is  persistent  and  well  rc('0<rnized  and  was  in  mapping 
regarded  as  the  upper  limit  of  tlie  Cambrian.  Later  work,  however, 
showed  that  the  limestones  lying  above  this  shale  also  belong  to  the 
Cambrian,  and  it  became  necessary  to  draw  a  new  line,  based  on 
stratigraphic  evidence  and  the  topogra[)hic  relief  but  not  checked 
by  field  observations;  this  line  is  not,  therefore,  free  from  error. 

Flathead  quartzite. — The  Flathead  quartzite,  the  lowest  formation 
of  the  Cambrian  system,  consists  of  a  hard,  fine-grained,  massive 
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qiiartzite  varying  to  grayish-yellow  to  gray  sandstone.  The  lowest 
stratum  in  places  is  pebbly,  grading  into  a  conglomerate  at  the  base. 
The  bedding  planes  range  from  a  few  inches  to  a  few  feet  apart  and 
faint  lines  of  sedimentation  are  seen.  The  rock  is  jointed  by  sharply 
cut  planes.  Higher  up  in  the  formation  thin  beds  of  gray-brown 
mottled  and  green  micaceous  shale  are  found  locally,  increasing  in 
thickness  toward  the  top.  The  pebbles  in  the  basal  bed  vary  in 
character  from  place  to  place  and  consist  predominantly  of  the  mate- 
rial derived  from  the  immediately  underlying  beds.  As  mentioned 
elsewhere,  this  quartzite  is  in  most  places  apparently  conformable 
to  the  Algonkian,  but  there  is  a  slight  angular  unconformity  observ- 
able east  of  Helena,  and  the  Marsh  shale  is  in  places  cut  out,  so  that 
the  quartzite  rests  directly  upon  the  Helena  limestone.  The  only 
fossils  recognized  are  scolithus  borings.  The  total  thickness  of  the 
Flathead  quartzite  in  the  Helena  district  is  300  feet.  The  formation 
is  easily  recognized  in  the  topography  of  the  area,  as  the  resistant 
nature  of  the  beds  causes  them  to  form  low  foothill  ridges,  which  are 
prominent  on  the  slopes  of  Moimt  Helena,  and  as  the  cap  reef  on  the 
mountain  ridge  running  southward  from  that  peak. 

Wolsey  shale. — The  Wolsey  shale  consists  of  micaceous  and  cal- 
careous gray  to  greenish  shales,  wliich  contain  small  oval  and  flat 
concretions  of  Umest one,  grading  hi  places  into  thin  and  very  irregu- 
lar plates  of  Umestone.  Trilobite  and  shell  remains  of  Cambrian 
types  occur  abimdantly  along  the  contact  between  these  shales  and 
hmestones.  Tlie  rocks  are  in  few  places  well  exposed,  owing  to  their 
isoft  and  crumbly  nature,  but  their  position  is  recognizable  by  the 
ravines  cut  in  them  or,  on  the  mountain  slopes,  by  their  forming  a 
more  gentle  angle  between  the  Umestone  bluffs  above  and  the  quartz- 
ite ridges  below.     They  have  a  tliickness  of  about  420  feet. 

Meagher  limestone. — The  Meagher  limestone  is  composed  of  Ught- 
gray  to  bluish  limestones,  which  are  shaly  near  tlic  base  but  grade 
into  alternating  beds  of  massive  dark-colored  and  flaggy  wliite  lime- 
stones, and  these  into  thinly-bedded  dark-purple  to  blue  fossiliferous 
hmestones,  forming  the  to])  of  tlie  scries.  In  other  regions  the  rocks 
are  pebbly,  but  this  charact<>r  is  not  oons])icuous  in  the  Helena  dis- 
trict. The  rocks  liave  an  estimated  tliickness  of  400  feet.  They 
form  the  characteristic  bluffs  on  the  north  face  of  Mount  Helena, 
extending  from  the  gentle  slopes  fornuHl  hv  the  Wolsey  shale  upward 
almost  to  the  verv  suinniit  of  the  mountain.  The  rocks  are  also 
seen  in  the  bold  cliffs  below  the  east  side  reservoir.  Fossil  remains 
occur,  but  no  collections  were  made. 

Farlc  shale. — The  Park  shale  consists  of  earthy  and  micaceous 
dark-gray  to  green  or  purple  shales.  The  ro(*ks  are  not  well  indu- 
rated and  crumble  n»adily,so  that  very  few  good  exi)Osures  are  seen. 
A  partial  section  is  exposed  in  the  quarry  near  the  upper  part  of  the 
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city  of  Helena,  and  shows  the  formation  to  contain  lavender  or 
pinkish  beds,  grading  through  green  shales  to  a  grayish  earthy  sliale 
carrying  an  abundance  of  small  fossil  shells,  identified  as  Obolella. 
The  upper  portion  contains  limestone  lenses  in  a  jaspery  shale,  which 
grades  downward  into  a  dense  cherty  rock  resembling  homstone. 
This  shale  has  an  estimated  thickness  of  150  feet.  It  forms  the  flat 
bench  on  the  summit  of  Mount  Helena,  between  the  apex  and  the 
northern  cliffs,  and  covers  the  ridge  followed  by  the  trail. 

Pilgrim  limestone. — The  Pilgrim  limestone  consists  of  massive  beds 
of  bluish  to  dark-gray  Umestoues.  The  lowest  bed  is  a  dark-colored 
crystalline  lock,  mottled  with  yellow  and  dark-gray  spots;  its  peculiar 
coloration  and  massive  character  are  characteristic  of  the  limestone 
throughout  Montana.  This  bed  of  mottled  limestone  is  overlain 
by  light-gray  to  white  noncrystalline  limestone,  used  for  making  quick- 
lime in  the  Grizzlv  Gulch  kilns.  No  fossils  have  been  found  in  the 
mottled  Umestone,  but  its  position  and  Uthologic  character  correlate 
it  with  the  ''Mottled''  Umestone  of  the  Yellowstone  Park  folio. 
This  formation  occurs  on  the  very  summit  of  Mount  Helena,  where 
it  forms  the  uppermost  bed  of  the  gentle  syncUne  sweeping  down 
the  southeastern  side  of  the  mountain.  It  is  also  seen  in  bluffs 
above  the  East  Side  reservoir,  and  forms  a  low  cliff  extending  up 
Oro  Fino  Gulch  for  2  miles  above  the  city,  the  relief  being  due  to  the 
crumbly  nature  of  the  Park  shale  in  which  the  gulch  is  being  eroded. 
The  mottled  beds  are  150  feet  tliick  and  are  overlain  by  whito  Ume- 
stone, which  is  included  in  the  formation.  The  total  thickness  of 
the  formation  is  317  feet. 

Dry  Creelc  shale. — The  Dry  Creek  shale  consists  of  light-colored 
brownish-yellow,  red,  and  pink  shales  and  calcareous  sandstones. 
The  formation  is  well  exposed  in  few  j)laces  but  can  be  recognized  by 
its  topographic  reUef ,  as  it  forms  sags  in  the  high  ridges  and  ravines 
on  the  mountain  flanks.  No  fossils  have  been  found  in  the  shale. 
It  is  correlated  on  the  basis  of  lithology  and  stratigraphic  j)osition 
with  the  Dry  Creek  shale  of  the  Threoforks  and  Little  Belt  regions. 
The  thickness  is  estimated  at  40  feet. 

Yoga  limestone. — The  Yogo  limestone  consists  of  light-colored, 
thin-bedded  limestones,  with  crinkly  hands  and  films  of  jasper,  in 
many  places  composed  of  limestone  jx^hhles  held  in  a  glauconitic 
matrix.  The  formation  corresponds  to  the  so-called  "Pebbly" 
limestone  of  the  Threoforks  folio.  It  has  a  thickness  of  175  to  450 
feet.  The  jaspery  flaggy  limestone  forms  prominent  buttress  ex- 
posures along  the  east  side  of  Oro  Fino  (iulch  above  the  city. 

DEVONIAN    SYSTEM. 

The  Devonian  period  is  represented  by  two  formations,  the  Jeffer- 
son limestone  at  the  base  and  the  Threeforks  shale  at  the  top.  On 
the  map  these  formations  are  not  separated. 
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Jefferson  limestone. — ^The  Jefferson  limestone,  the  lower  of  the  De- 
vonian formations,  consists  of  a  series  of  limestones,  characteristi- 
cally dark  colored,  but  includes  also  some  light-colored  beds.  The 
dark  beds  have  a  characteristic  granular  structure,  are  commonly 
mottled  by  light-colored  patches  due  to  metamorphosed  corals,  and 
are  quite  fetid  when  struck  with  a  hammer.  The  assignment  to  the 
Devonian  is  based  on  fossil  remains  found  in  other  areas,  as  the  rocks 
within  the  Helena  district  have  not  yielded  any  identifiable  fossils. 
The  lowest  beds  are  dark  colored,  almost  steely  in  luster  and  texture, 
and  usually  form  a  bluff  or  ledge  that  rises  abruptly  above  the  more 
fissile  Yogo  limestone.  The  buff-colored  argillaceous  shales  which 
overlie  the  limestones  have  been  included  in  the  Jefferson,  but  they 
may  belong  to  the  Threeforks  shale.  The  total  estimated  thickness 
of  the  Jefferson  limestone  is  243  feet. 

Threeforks  shale. — ^The  Threeforks  shale  varies  somewhat  in  the  dif- 
ferent parts  of  the  Helena  district.  It  is  essentially  composed  of 
black  shale  and  alternating  beds  of  limestone;  it  contains  brachiopod 
remains,  which  correspond  to  those  identifiable  elsewhere  as  Devonian 
species.  It  corresponds  in  position  to  the  formation  in  the  Three- 
forks  quadrangle  known  by  this  name.  The  uppermost  bed  of  the 
formation  is  15  feet  thick,  consisting  of  fine-grained  black  carbona- 
ceous shale.  This  rests  on  light-colored  fossiliferous  calcareous 
shales  that  grade  downward  into  earthy  shales  with  interbedded  bands 
of  quartzite,  the  total  thickness  being  270  feet.  The  rocks  are  seen 
on  the  ridge  west  of  Grizzly  Gulch  about  1 J  miles  from  Park.  At  this 
locality  there  is  a  basal  bed  of  shale  40  feet  thick,  capped  by  186  feet 
of  calcareous  argillite  overlain  by  56  feet  of  black  shale.  The  forma- 
tion is  well  exposed  only  on  the  high  ridges,  where  it  forms  low  sad- 
dles between  limestone  knobs.  In  the  gulches  cut  in  these  rocks 
exposures  are  poor  and  more  than  a  few  feet  of  the  beds  can  be  found 
at  but  few  places. 

CARBONIFEROUS    SYSTEM. 

Distribvtian  and  character. — The  Carboniferous  system  is  represented 
in  this  region  by  a  basal  formation  consisting  of  a  mass  of  limestones 
characterized  by  lower  Carboniferous  or  Mississippian  fossils,  to  which 
the  name  Madison  limestone  has  been  applied.  This  limestone  is 
overlain  by  a  formation,  ossentially  quartzitic,  which  Ls  correlated 
with  the  Quadrant  formation  of  the  Yellowstone  Park,  Threeforks 
quadrangle,  and  other  areas  in  Montana.  Tlie  rorks  are  well  ex- 
posed and  cover  a  considerable  portion  of  the  mountain  area  in  the 
southern  part  of  the  district.  As  a  rule  they  are  readily  distinguished 
from  the  soft  Mesozoic  rocks  which  overlie  them,  but  in  this  region 
contact  motamorphism  has  so  altered  the  Mesozoic  rocks  that  they 
are  as  hard  and  resistant  as  those  of  the  Carboniferous  period. 

Madison  limestone. — The  Madison  Hmestone  in  the  eastern  ranges 
of  the  State  has  been  subdivided  by  Weed  into  tln-ee  members,  to 
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the  lowest  of  which  he  gave  the  name  Paine  shale,  to  the  middle  the 
name  Woodhurst  limestone,  and  to  the  upper  the  name  Castle  lime- 
stone. All  these  subdivisions  can  be  recognized  in  a  general  way  in  the 
Helena  district.  The  lowest  member  consists  of  chin-bedded  im- 
pure bluish  limestones,  which  carry  crinoid  stems  and  other  fragmen- 
tary fossil  remains.  A  very  persistent  bed  is  characterized  by  black 
needles  of  tourmaline,  and  as  this  bed  occurs  near  the  base  of  the 
formation  it  is  quite  useful  in  mapping  the  limits  of  the  Madison. 
This  member  grades  upward  into  the  well-bedded  limestones  of  the 
middle  member,  which  forms  the  steep  slopes  and  well-marked  cliflFs 
throughout  the  southern  part  of  the  district.  The  rock  is  light  gray 
to  dark  gray  and  the  beds  are  separated  by  partings  of  impure  shaly 
material,  which  break  into  angular  splintery  fragments;  much  of  it  is 
cherty. 

The  upper  member  consists  of  very  massive  white  or  light-colored 
limestones  showing  no  bedding  planes,  and  in  the  Helena  region  they 
are  conmionly  altered  to  white  marble.  The  total  thickness  of  the 
Madison  is  2,600  feet. 

Quadrant  quartinte. — ^The  Quadrant  quartzite  consists,  as  its  name 
implieS;  chiefly  of  quartzite  with  sandstones  and  some  interbedded 
white  limestone.  Throughout  the  area  the  rocks  are  much  altered 
by  contact  metamorphism  and  their  distinctive  characters  obliterated. 
The  formation  is  named  from  Quadrant  Mountain,  in  the  Yellowstone 
Park,  with  which  the  rocks  in  this  area  are  correlated.  The  formation 
composes  the  high  hills  adjoining  the  granite  contact  in  the  south  part 
of  the  district.  The  thickness  is  estimated  at  from  190  to  500  feet. 
To  the  west,  in  the  Philipsburg  quadrangle,  Calkins  obtained  from  the 
Quadrant  formation  fossils  which  were  pronounced  by  Girty  to  be 
of  Pennsylvanian  age.  In  other  areas  to  the  east  in  Montana,  how- 
ever, rocks  referred  to  the  Qua<h'ant  formation  have  yielded  Mississip- 
pian  fossils. 

CRETACEOUS    SYSTEM. 

Rocks  which  are  referred  to  the  Cretaceous  because  of  their  strati- 
graphic  position,  and  which  ])ossibly  include  some  of  Jurassic  age, 
occur  in  the  southern  part  of  tlie  area.  Tliey  form  a  belt  lying  along 
the  great  granite  mass  which  has  invaded  them  and  which  in  a  num- 
ber of  places  has  broken  tlie  continuity  of  the  belt.  They  consisted 
originaUy  of  sandstones  and  shales  l)iit  have  been  subjected  to  intense 
contact  metamorf)hisni,  so  that  now  they  consist  of  biotite  hornfels 
and  aUied  varieties  of  rocks. 

TERTIARY   SYSTEM. 

Lake  heds. — The  Tertiaiy  lake  beds  cover  a  far  greater  area  than 
any  other  formation  within  the  Helena  district.  The  rocks  vaiy  in 
character  from  point  to  point  according  to  the  composition  of  the 


94  OBE  DEPOSITS  OF  HELENA  MINING  BEGION,   MONTANA. 

• 

underlying  formation.  In  general  they  consist  of  well>bedded  sands, 
gravels,  and  conglomerates  composed  of  the  underlying  country  rock, 
together  with  a  large  amount  of  rhyolite.  In  the  center  of  Prickly 
Pear  Valley,  where  the  rocks  have  been  penetrated  by  boring,  several 
sheets  of  rhyolite  have  been  found.  In  the  hills  to  the  east  the  beds 
are  well  exposed,  and  the  indurated  tuffs  forming  a  part  of  the  series 
are  quarried  in  the  vicinity  of  Lenox.  As  a  rule,  however,  the  rocks 
crumble  on  weathering,  and  good  exposures  are  rare.  These  lake 
beds  undoubtedly  underlie  the  entire  Prickly  Pear  Valley,  but  have 
been  covered  by  detritus  washed  from  the  surrounding  slopes  and 
the  alluvium  brought  in  by  the  streams,  so  that  although  a  thickness 
of  over  1,200  feet  is  known  from  the  bore  holes  put  down  in  seeking 
artesian  waters,  the  bottom  of  the  formation  has  not  yet  been  found. 
The  rocks  are  nearly  everywhere  distinctly  bedded,  but  as  a  rule  they 
show  little  pei*sistence  in  character.  The  pebbles  are  normally 
rounded  but  in  part  subangular,  and  as  the  material  is  mostly  of 
local  origin  the  color  and  composition  vary  from  point  to  point.  The 
beds  are  regarded  as  of  Miocene  or  Pliocene  age. 

Hot  spring  deposits, — The  hot  spring  deposits  shown  on  the  map 
(PI.  VII,  p.  86)  consist  mainly  of  large  masses  of  chalcedony. 

Auriferous  gravels. — The  auriferous  gravels  of  the  Helena  district 
are  regarded  as  of  Pliocene  age,  as  the  remains  of  the  mammoth  and 
other  vertebrates  believed  to  be  of  that  age  have  been  found  in  the 
vicinity  of  Helena  and  of  Montana  City.  The  gravels  are  composed 
of  the  harder,  more  resistant  material  from  the  drainage  basins  of 
the  streams  and  naturally  vary  at  different  points.  In  the  Montana 
City  area  there  is  a  large  proportion  of  andesite  brought  down  from 
the  headwaters  of  Prickly  Pear  Creek,  together  with  much  vein 
quartz  and  granite.  In  the  Last  Chance  placer  gravels,  which  imder- 
lie  the  city  of  ITelena,  the  material  lias  been  derived  from  the  various 
tributaiy  gulches  draining  the  granite  contact  and  therefore  consists 
of  pebbles,  cobbles,  and  well-bedded  sands,  composed  largely  of 
quartz  monzonite,  with  varying  proportions  of  limestone.  Invariably 
the  gravels  are  auriferous  when  the  streams  drain  the  contact  region, 
and  the  source  of  the  gold  is  to  be  found  in  the  veins  which  follow  the 
granite  contact. 

QUATERNARY    SYSTEM. 

The  Quateniaiy  (loj)(>sits  of  the  district  consist  of  alluvial  silts  and 
gravels  and  are  developed  most  extensively  in  the  great  plain  north 
of  the  city  of  Helena. 

IGNEOUS  ROCKS. 

Dlstrihufton  and  chanicter. — Igneous  rocks  cover  about  one-fourth 
of  the  area  of  the  district,  forming  high  mountains  to  the  south  and 
the  isolated  peaks  known  as  the  Scratch  Gravel  Hills,  as  well  as 
numerous  lesser  elevations.     The  oldest  rocks  occur  only  as  intruded 
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sheets  or  sills  in  the  Cambrian  sediments  and  have  been  folded  with 
them.  They  are  of  unknown  age  but  are  certainly  pre-Tertiary. 
The  most  abundant  rock  is  granitic  in  character  and  forms  part  of 
the  Boulder  batholith.  The  Miocene  rocks  occur  as  intrusive  dikes 
and  masses  of  rhyolite  and  as  lava  flows  and  tuff  beds  of  the  same 
rock.     They  also  enter  into  the  composition  of  the  lake  beds. 

Basic  dikes  and  sheets. — The  basic  dikes  and  sheets  shown  on  Plate 
VII  consist  mainly  of  dark-greenish  to  steely-gray  rocks  of  dense 
texture  and  commonly  marked  by  rusty  spots  or  the  holes  resulting 
from  the  alteration  of  augite  and  olivine  crystals.  Sometimes  fresh 
augite  is  recognizable  in  the  specimens.  The  commonest  rock  may 
be  called  a  greenstone  of  diabasic  character.  It  occurs  intrusive  in 
the  Wolsey  shale  on  the  west  side  of  Mount  Helena  and  at  the  same 
horizon  about  a  mile  south  of  Lenox.  Another  dike  of  this  material 
cuts  the  Flathead  quartzite  in  the  northwest  ])orti()u  of  the  city. 

An  augite  porphyry,  a  tough  and  dense  green  rock  containing 
white  porphyritic  crystals  of  plagioclase,  occurs  as  a  sheet  40  feet 
thick  intrusive  in  a  belt  of  black  shale  in  the  upper  part  of  the  Cam- 
brian. This  rock  is  exposed  on  the  slopes  east  of  Oro  Fino  Gulch,  a 
short  distance  above  the  city,  and  it  follows  this  shaly  belt  for  a  dis- 
tance of  several  miles,  outcropping  at  intervals. 

A  hornblende  porphyry,  a  dark-green,  fine-grained  rock  carrymg 
stellate  clusters  of  hornblende,  occurs  intrusive  in  the  Helena  lime- 
stone east  of  the  Broadwater  hotel.  It  forms  a  sheet  6  feet  thick  and 
outcrops  for  several  hundred  yards. 

Acidic  sheets, — A  porphyry  that  contains  altered  feldspar  phcno- 
crysts  but  that  is  too  thoroughly  decomposed  for  specific  identifica- 
tion occurs  as  a  persistent  sheet  from  10  to  20  feet  thick  intrusive  in 
the  Wolsey  shale  close  to  tlie  Flathead  quartzite.  It  is  exposed  on 
the  northeast  side  of  Mount  Helena  and  is  traceable  for  several  miles 
westward.  A  second  sheet  of  similar  nature  occui-s  30  to  40  feet 
higher  in  the  shale. 

Meta^andesite. — This  name  is  ap])lied  to  andosites  which  have 
undergone  distinct  alteration  but  wliose  ori<^inal  structure  and  com- 
position are  still  recognizable.  Patclies  of  these  rocks  occur  east  of 
Montana  City  and  at  one  or  two  other  places  in  the  Helena  district. 
They  are  mostly  fragmental  in  ori<i:in,  b(»int^  old  volcanic  tuifs  and 
breccias  baked  and  altered  by  contact  nietaniorphisin.  Afewintru- 
sives  are  doubtfully  referred  to  this  type.  Thev  are  ohhu*  than  the 
granitic  rocks  and  in  the  re^^ion  south  of  Helena  form  the  cover  to 
the  granite.  Fragments  torn  ofl'  by  the  granite  intrusion  occur  n 
places  in  the  later  rock  near  its  contact  with  the  andesite. 

Granitic  rocks. — The  coarse-graincnl  rocks  com])ose(l  of  felds[)ar 
and  quartz,  with  lesser  amounts  of  mica  and  hornblende,  are  con- 
veniently called  granite,  as  it  Ls  not  usually  ])ossible  to  det(»rniine  the 
species  of  feldspar  in  the  field.     A  more  precise  definition,  based  on 


96  OBB  DBP08IT8  OF  HELENA  MINING  BEGION,  MONTANA. 

a  study  of  thin  sections  of  the  rock  under  the  microscope,  enables  us 
to  classify  the  material  more  exactly.  In  the  granitic  region  extend- 
ing southward  from  Helena  to  Butte  the  prevailing  form  of  rock  is  a 
coarse-grained  quartz  monzonite,  called  the  Butte  quartz  monzonitCi 
which  under  the  new  quantitative  system  of  classification  is  desig- 
nated amiatose.  A  rock  corresponding  to  this  is  seen  in  the  Scratch 
Gravel  Hills,  at  the  south  end,  and  also  occurs  in  a  small  area  near 
Holmes  Gulch.  The  greater  part  of  the  granite  of  the  Helena  dis- 
trict is,  however,  a  finer  grained  rock  of  slightly  more  basic  com- 
position. 

Rhyolites. — The  rhyolites  are  all  of  Miocene  age  and  occur  as 
intrusives,  extrusivos,  and  fragmentary  rocks. 

The  rhyolite  breccia  covers  a  considerable  area  in  the  southeast 
part  of  the  district.  It  is  a  mass  that  varies  in  character  from  place 
to  place  but  is  composed  essentially  of  both  rounded  and  angular 
fragments  of  rhyolite,  lying  without  stratification  and  at  all  angles 
in  a  fine-grained  stony  matrix  which  is  speckled  with  minute  flakes 
of  biotite  and  carries  a  few  fragments  of  feldspar  and  quartz.  The 
rock  is  generally  light  colored,  varying  from  pale  red  and  purple  to 
buff  color  and  white.  Much  of  the  fragmentary  material  composing 
the  rock  is  a  white,  porous,  pumice-like  rhyolite.  A  good  exposure 
is  found  in  the  quarry  on  Holmes  Gulch  1^  miles  west  of  Montana 
City.  At  this  place  the  breccia  is  a  light,  porous,  somewhat  friable 
rock,  made  up  mainly  of  white  rhyolite  pumice,  with  small  rounded 
pebbles  of  granite,  jasper,  and  other  rocks.  It  is  regarded  as  a  mud 
flow  composed  essentially  of  volcanic  dust  and  ejectamenta  which 
fell  on  the  granitic  slopes  and  was  washed  down  to  fill  the  hollows  of 
the  lower  ground. 

The  rhyolite  flows  are  readily  distinguished  from  the  intrusive 
rocks  by  their  porosity  and  flow  structure  and  as  readily  from  the 
breccias  by  their  compact  nature.  The  rocks  are  prevailingly  reddish 
t^)  purple  colored  and  contain  phenocrysts  of  quartz,  biotite,  and  in 
some  specimens  feldspar  in  a  dense  lithoidal  groundmass.  The  chief 
exposures  of  this  rock  are  in  the  vicinity  of  Montana  City,  one  flow 
forming  the  cap  to  the  highest  hiU  in  the  region.  The  rock  on  this 
sunmiit  has  a  platy  parting  with  a  di])  of  45°  and  forms  extensive 
areas  of  slide  rock  on  the  west  side  of  the  hill  but  none  on  the  east. 
It  Ls  evident  tliat  it  was  a  lava  flow  covering  a  surface  which  has  been 
mucli  tilt(*d  since  the  ronsolidation  of  the  lava. 

Khyolite  intrnsivt's  arc  exj)os(Hl  in  the  vicinity  of  Lenox,  where  a 
patch  one-fourth  of  a  mile  across  and  three-fourths  of  a  mile  long 
is  intnisive  in  the  Algunkian  slates  and  has  broken  u[)  and  thrown  over 
the  Flathead  quartzite.  The  rock  is  a  normal  rhyohte porphyry,  show- 
ing phenocrysts  of  biotite,  feldspar,  and  quartz  in  a  stony  groundmass.* 

1  The  present  investigation  shows  that  the  rock  is  more  accurately  termed  a  dacite,  and  it  Is  tberelbrt 
BO  designated  on  Plate  VU. 
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STBUOTITBE. 

The  Helena  district  lies  on  the  south  side  of  a  great  dome-shaped 
uplift  some  25  miles  in  diameter,  whose  center  lies  north  of  the  Scratch 
Gravel  Hills.  This  dome  extends  from  the  mountain  ridge  west  of 
Marysville  eastward  to  York,  on  the  west  side  of  the  Big  Belt  Moun- 
tains. The  city  of  Helena  and  the  mountains  south  of  it  lie  on  the 
south  side  of  the  dome.  Although  the  general  structure  is  that  of  a 
simple  anticline,  the  dome  is  not  perfectly  regular  but  shows  secondary 
crumpling.  Within  the  Helena  district  the  dome  shape  is  well  shown. 
Subsequent  to  the  folding  which  formed  this  great  dome  the  granitic 
rocks  broke  through  and  faulted  the  south  flank  of  this  anticline. 

Broadly  considered.  Prickly  Pear  Valley  is  a  basin  deeply  eroded 
in  the  dome-shaped  upUft  noted  above,  an  arch  whose  summit  has 
been  worn  away  and  cut  down  into  the  soft  shales  of  the  Belt  series 
that  form  its  nucleus,  so  that  the  sheets  of  white  limestone  and  other 
rocks  that  once  covered  it  are  now  only  seen  on  Mount  Helena  and  the 
hills  south  of  the  city,  in  the  Spokane  Hills  to  the  east,  and  the  flanks 
of  the  Belt  Mountains  north  of  the  district.  This  broad  arch  in- 
volved the  entire  sedimentary  series  of  the  region  from  Algonkian 
to  Cretaceous.  The  simplicity  of  structure  has  been,  however,  modi- 
fied by  the  granite  intrusion  and  faulting. 

The  granite  area  in  the  southern  part  of  the  district  (see  PI.  VII), 
which  forms  a  rugged  mountainous  tract,  mostly  unfit  for  agi'icul- 
ture  and  largely  denuded  of  valuable  timber,  is  the  extreme  northern 
part  of  a  granite  area  extending  75  miles  southward,  a  great  mass  of 
intrusive  igneous  rock  designated  the  Boulder  batholith.  A  part  of 
this  batholith  extends  northward  under  the  sedimentary  rocks,  and, 
as  already  stated,  the  latter  are  highly  altered  and  commonly  crys- 
talline, as  a  result  of  the  heat  and  vapor  given  off  by  this  once  molten 
material.  The  upper  contact  between  the  granite  mass  and  the  bed- 
ded rocks  is  uneven,  and  arms  and  offshoots  of  the  former  rock  extend 
upward.  Some  of  these,  bared  by  erosion,  are  seen  as  dikes  and 
bosses,  as,  for  example,  the  granite  area  near  th3  Broadwater  Hot 
Springs,  that  north  of  Helena,  and  a  smaller  area  east  of  the  city. 

In  the  adjustment  of  the  rocks  following  the  violent  intrusion  of 
this  great  body  of  granitic  rock,  with  its  initial  uplifting  force  and  sub- 
sequent settling  as  cooling  pn)grosse(l,  faulting  occurred  and  the 
irregularly  triangular  blocks  of  the  linic>ton(»  sori(\s  and  their  accom- 
panying rocks  were  dislocated.  These  faults  are  not  of  very  great 
magnitude.  To  the  east,  however,  the  bedded  rocks  were  not 
clearly  cut  off,  but  broken  into  small  blocks  by  the  force  of  the  intru- 
sion, and  a  very  complicated  mosaic  of  sediments  and  igneous  rock  is 
shown  on  the  map. 

70936''— Bull.  527—13 1 
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VAULTS. 

Tbe  Helena  area  has  a  number  of  faults,  which  cross  thd  stratified 
rocks  at  approximately  right  angles  to  their  strike  and  which  maybe 
regarded  as  radial  faults  of  the  great  anticline.  Owing  to  the  fact 
that  the  faults  are  marked  by  more  or  less  crushed  matter,  which  is 
easily  eroded,  they  are  followed  by  the  stream  gulches. 

The  West  Side  Reservoir  fault  shows  an  upthrow  on  the  east  with 
a  horizontal  offset  of  500  feet  and  290  feet  vertical.  This  fault  is 
indistinguishable  where  it  passes  through  the  massive  beds  of  the 
Madison  limestone,  and  in  the  Algonkian  rocks  the  exposures  are  too 
few  to  determine  it  correctly.  There  are  two  small  subsidiary  par- 
allel faults  near-by,  at  the  north  base  of  Mount  Helena.  These  faults 
have  offshoots  of  60  and  40  feet  respectively,  corresponding  to  30  and 
20  feet  vertical,  and  have  a  downthrow  on  the  east.  On  Montana 
■Avenue,  the  north-south  street  separating  sections  19  and  20,  and  29 
and  30,  where  the  Flathead  quartzite  crosses,  there  are  two  small 
faults;  one  has  a  throw  of  30  feet  and  the  other,  100  yards  farther 
east,  has  a  throw  of  15  feet. 

A  long  northeast  fault  passing  through  Lenox  splits  at  the  north 
end  into  two  faults  300  feet  apart.  The  upthrow  is  on  the  west,  and 
the  fault  displacements  are  110  feet  and  230  feet. 

One-half  mile  farther  east  occurs  the  Mount  Ascension  fault. 
This  is  a  big  fault,  having  an  offset  of  850  feet  (as  the  strata  dips  40^ 
this  corresponds  to  765  feet  vertical).  A  half  mile  farther  east  is 
another  fault  of  like  magnitude.  The  wedge  between  these  faults 
has  sunk  at  least  765  feet,  forming  a  trough  or  *'graben." 

These  faults  have  been  actually  observed  and  measured,  but  it  is 
probable  that  there  are  many  faults  of  small  displacement  which  have 
not  been  recognized,  for  the  great  block  of  altered  sediments  that 
rested  on  the  granite  while  it  was  cooling  must  have  suffered  con- 
siderable contraction,  with  consequent  fracturing  and  readjustment. 

Strike  faults  due  to  slipping  of  the  beds  on  one  another  probably 
accompanied  the  uplifting  of  the  sediments.  Ono  was  recognized 
southeast  of  Lena,  whore  the  Meagher  limestone  rests  against  Pil- 
grim limestone,  the  intervening  shale  being  cut  out. 

In  general  the  faults  just  noted  can  not  be  recognized  in  the  relief 
of  the  region.  A  gulch  marks  the  line  of  the  Lenox  fault  (northcai?t- 
southwest)  toward  Unionville.  The  north-south  fault  on  the  east 
side  of  the  depressed  triangular  block  already  noted  seems  to  break 
into  smaller  faults  and  is  strongly  marked  in  the  lan(lsca])e.  Several 
mine  and  quarry  openings  disclose  its  nature.  The  fault  waJLs  are 
smooth  or  polislu^d  and  show  well-marked  stride.  Between  these 
vertical  walls,  which  vary  from  5  to  40  feet  apart,  the  fissure  is  filled 
by  friction  breccia,  ground  up  wall  rock,  showing  angular  and  partly 
rounded  rock  fragments  in  a  clayey  matrix.* 

*■  Up  to  this  point  the  text  follows  the  manuscript  of  Mr.  Weed. 
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QBE  DEPOSITS   OF  HELENA  DISTBIOT. 

LOCATION. 

The  ore  deposits  of  the  Helena  district,  using  this  term  in  its  broad 
sense,  are  midnly  located  south  of  Helena  along  the  heads  of  Oro  Fino, 
Grizzly,  and  Nelson  Gulches.  Geologically  they  are  situated  mainly 
along  the  contact  of  the  granite  with  the  invaded  sedimentary  rocks — 
homfels,  quartzite,  and  limestone. 

Opportunities  for  examination  of  the  ore  deposits  were  unfavorable 
during  1911.  The  properties  were  idle  and  most  were  inaccessible. 
The  systematic  position  of  certain  of  the  deposits  has  already  been 
pointed  out — the  Big  Indian  on  page  51  and  the  Spring  Hill  on  page 
44 — so  that  repetition  is  unnecessary  here. 

DESCRIPTIONS    OF   MINES. 
WHITLATCH-UmON  MUTE. 

The  Whitlatch-Union  lode,  discovered  by  James  W.  Whitlatch  in 
September,  1864,  is  the  oldest  quartz  discovery  in  the  region.  The 
lode  was  rapidly  developed  by  several  different  mining  companies, 
each  of  which  owned  but  a  short  length,  the  longest  piece  being  the 
500  feet  held  by  the  Whitlatch-Union  Mining  Co.  By  1872  the  mine 
had  produced  $3,500,000,  when  it  was  shut  down  because  of  litiga- 
tion. It  has  been  operated  intermittently  since  that  time  and  is 
stated  to  have  yielded  to  date  $6,000,000  in  gold. 

The  mine  was  originally  opened  by  a  number  of  inclines,  but  with 
the  exception  of  the  Owyhee  and  Mclntyre  they  are  all  caved  near 
the  surface.  Later  a  vertical  shaft  was  put  down  to  a  depth  of  500 
feet.  During  1911  some  of  the  upper  levels  were  accessible  thl-ough 
the  Owyhee  inchne,  from  which  in  recent  years  lessees  have  been 
getting  out  small  shipments  of  ore. 

The  lode  is  situated  4  miles  south  of  Helena  on  the  summit  of  the 
low  divide  between  Grizzly  and  Oro  Fino  gulches.  It  lies  in  tlie 
granite  just  south  of  the  contact  with  the  Quadrant  quartzite.  There 
occur  scattered  in  the  granite  near  the  contact  some  huge  blocks  of 
higlily  metamorphosed  sedimentarv^  rocks,  probably  belonging  to  tlie 
Cretaceous  formation  shown  on  Wood's  map. 

The  general  course  of  the  vein  is  N.  S4°  W.;  the  dip  averages  45^ 
N.,  but  is  subject  to  romarkabJo  and  abnij)t  changes,  ranging  from 
nearly  horizontal  to  vortical.  In  width  the  vein  ranged  from  a  tliin 
seam  up  to  15  foot,  averaging  about  4  foot.  The  oro  taken  out  in  early 
days  averaged  from  $20  to  $25  a  ton  in  gold.^ 

As  seen  in  the  Owyhee  incline  the  Whitlatch-Union  vein  is  partly 
inclosed  in  homfels  and  partly  in  granite.  Abrupt  changes  in  dip 
accompany  the  passage  of  the  vein  from  the  one  rock  to  the  other. 

BtatfstiCB  of  mioes  and  mining  in  the  States  and  Territories  west  of  the  Rocky  Mountains,  1869,  p.  147. 
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A  specimen  taken  from  the  footwall  of  the  vein  in  the  end  of  a  drift 
driven  west  from  the  Owyhee  incUne  is  a  dark  heavy  rock  showing 
numerous  small  lustrous  black  flakes  of  biotite.  When  examined 
microscopically  it  is  found  to  consist  of  a  confused  intergrowth  of 
brown-green  amphibole,  biotite,  and  andesine,  with  accessory  quartz. 
It  is  evidently  a  thermally  metamorphosed  rock,  but  further  than  this 
its  origin  is  not  apparent.  It  is  possibly  a  recrystallized  igneous  rock. 
The  locality  from  which  this  rock  was  taken  is  in  the  newest  work- 
ings of  the  mine.  The  vein  here  is  narrow,  averaging  4  inches,  and 
dips  at  a  low  angle  to  the  north.  The  ore  consists  of  pyrite  and  some 
quartz  and  is  slightly  oxidized.  A  small  shipment  running  $70  a  ton 
in  gold  was  taken  out;  unmixed  with  waste  the  ore  runs  $130  a  ton. 

BIO  nrniAN  mine. 

The  Big  Indian  mine  is  situated  4  miles  south  of  Helena.  The 
two  main  claims,  the  Alabama  and  the  Gold  Hill,  were  located  in 
1875.  The  ore  was  taken  out  from  a  large  quarry,  and  a  lO-stamp 
mill  was  operated  at  a  profit  for  a  number  of  years.  During  the 
operation  of  this  mill  $110,000  was  produced,  the  ore  averaging  $5 
a  ton  in  gold.  According  to  James  Winscott,  the  original  locator  of 
the  property,  some  clean-ups  ran  985  fine.  Later  the  property  was 
taken  over  by  a  corporation  and  a  60-stamp  mill  was  erected  and  put 
in  commission  in  1902.  This  mill  was  operated  by  electric  power 
from  the  Missouri  River  Power  Co.'s  plant  at  Canyon  Ferry  on  Missouri 
River,  and  it  was  estimated  that  the  ore  could  be  mined  and  milled 
at  a  cost  of  60  cents  a  ton.  During  1903  and  1904  the  Big  Indian 
mine  was  the  leading  gold  producer  in  Jefferson  County,  but  soon 
afterwards  it  was  shut  down  and  has  remained  idle  since  that  time. 

The  mine  is  situated  half  a  mile  south  of  the  main  contact  of  the 
granite  with  the  sedimentary  roeks  on  the  north.  The  country  rock 
is  a  gray  medium-grained  quartz  monzonite.  Under  the  last  man- 
agement the  mine  was  worked  by  the  glory-hole  method,  the  glory 
hole  being  at  the  level  of  the  top  of  the  mill.  The  pit  is  several  hun- 
dred feet  in  length  and  breadth  and  50  to  75  feet  deej).  Near  the 
surface  the  rock  is  soft  and  incoherent  and  crumbles  easilv,  but 
toward  the  bottom  of  th(^  pit  it  apparently  grows  hard.  Near  the 
bottom  the  granite  is  traversed  by  a  close-spaeed  system  of  vortical 
jointing,  along  which  considerable  tournialinizution  has  taken  place. 
About  as  much  tonrnniline  was  developed  in  the  granite  as  the  biotite 
and  hornblende  originally  ])resent.  In  addition  to  the  tourmaliniza- 
tion  then^  was  a  slight  introduction  of  pyrite.  Noteworthy  is  the 
fact  that  there  are  no  quartz  veinlets  anywhere  in  the  ore  bo(h\ 

The  granite  is  cut  by  a  few  aj)lit(^  dikes  and  also  by  some  dark- 
colored  diorite  porphyry  dikes.  The  tourmalinization  ensued  after 
the  intrusion  of  the  aplite  dikes  and  probably  after  the  intrusion  of 
♦he  porphyry  dikes,  which  are  somewhat  pyritized. 
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SPBJ3XO  HTTJi  MDnL 

The  Spring  Hill  mine  is  situated  4  miles  northwest  of  Helena  in 
Grizzly  Gulch.  It  is  developed  mainly  by  an  adit  tunnel  and  by 
levels  below  this  tunnel.  A  3,000-foot  crosscut  was  driven  to  con- 
nect with  the  500-foot  level  of  the  Whitlatch-Union  mine  in  order 
to  give  the  ore  of  the  Spring  Hill  mine  an  easy  outlet  to  the  mill  at 
Unionville. 

The  general  country  rock  is  the  Madison  limestone,  which  strikes 
N.  5°  E.  and  dips  67°  E.,  as  shown  on  the  surface  near  the  large 
open  cut.  The  ore  deposit  is  located  near  the  contact  of  a  dark 
fme-grained  gray  granitoid,  in  which  biotito  is  the  most  prominently 
recognizable  constituent.  As  determined  microscopically  this  rock 
is  a  diorite  composed  essentially  of  plagioclase,  hornblende,  and  bio- 
tite,  with  subordinate  interstitial  quartz  and  orthoclase.  The  lime- 
stone is  a  white  dense  saccharoidal  variety  and  shows  selective  meta- 
morphism,  for  certain  narrow  bands  from  2  to  3  inches  wide  show 
silica tion;  that  is,  the  development  of  pyroxene  and  garnet.  At 
50  feet  from  the  contact  some  of  these  silicate  bands  fray  out  gradu- 
ally into  unaltered  white  limestone.  Another  open  cut  shows  even 
more  clearly  that  the  development  of  silicate  minerals  is  independent 
of  the  composition  of  the  limestone,  for  metamorphic  minerals  are 
formed  locally  and  abruptly  across  the  bedding  of  thinly  stratified 
limestone. 

As  seen  on  the  main  level  the  deposit  consisted  of  a  large  body  of 
contact-metamorphic  ore  which  was  stoped  out  in  large  high  galleries, 
thick  pillars  of  ore  being  left  as  supports.  The  ore  minerals  are 
pyrite  and  pyrrhotite;  in  places  the  pyrrhotite  forms  solid  masses 
several  feet  in  length  and  width.  The  sulphides  are  usually  associated 
with  a  fine-grained  aggregate  of  lime-silicate  minerals  that  form  an 
exceedingly  hard  and  tough  rock.  They  arc  also  disseminated  in 
grains  and  blebs  through  pure  limestone.  A  notable  feature  of  the 
deposit  is  the  lack  of  oxidation  exhibited,  contrasting  in  this  respect 
with  other  deposits  in  the  region.  The  de})osit  is,  as  it  were,  doubly 
protected  against  the  effects  of  enrichment,  namely,  by  calcite*  and 
by  pyrrhotite,^  both  of  which  are  efroctive  procipitants  for  down- 
ward-moving solutions.  The  gold  tenor  is  stated  to  nni  as  high  as 
$30  a  ton,  but  the  average  value  makes  this  a  low-grade  ore. 

DUTRO  MINE. 

The  Old  Dominion  or  Dutro  mine,  as  it  is  known  locally,  is  situated 
7  miles  west  of  Helena  and  1  mile  north  of  the  Kimini  road.  During 
1911  two  men  were  employed  here  in  getting  out  ore  by  means  of  a 
small  gasoline  hoist  from  an  incline  extending  down  150  feet. 

»  Bard,  D.  C,  Econ.  Geology,  vol.  5, 1910,  pp.  59-61. 

s  EmmoDS,  W.  H.,  Public  presentation  before  Geological  Society  of  Washington,  April,  1U12. 
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The  general  country  rock  consists  of  a  series  of  Paleozoic  lime- 
stone and  dolomite  standing  on  edge  and  trending  north  and  south. 
The  mine  is  situated  near  the  end  of  an  intrusion  of  fine-grained 
diorite,  whose  longer  axis,  about  one-fourth  of  a  mile  long,  lies  parallel 
to  the  strike  of  the  inclosing  rocks.  The  limestones  are  generally 
saccharoidal  in  t.exture  and  in  places  show  abundant  needles  of 
tremolite.  At  the  main  working  is  a  small  boss  of  black  fine-grained 
diorite  about  150  feet  in  diameter. 

The  ore,  occurring  in  irregular  masses  in  the  dolomite,  consists  of 
jasper  and  opal  and  usually  contains  much  iron  oxide.  On  account 
of  the  oxidized  condition  the  original  character  of  the  ore  is  rather 
obscure.  The  prevailing  ore  is  a  jaspery  quartz  commonly  showing 
specks  of  free  gold.  Locally  it  contains  an  iron-gray  metallic  mineral, 
which  has  been  determined  in  the  laboratory  of  the  Geological  Survey 
to  be  bismuth  sulphide.  The  oxidation  of  tliis  mineral  seems  to  be 
the  cause  of  the  chrome-yellow  color  apparent  in  some  of  the  ore. 
Under  the  microscope  the  ore  is  seen  to  consist  of  microcrystalline 
and  cryptocrystalline  silica,  which  forms  a  replacement  of  the  dolomite. 
In  addition  to  the  minerals  already  noted,  some  cassiterite  was 
detected.  This  is  the  only  occurrence  of  cassiterite  in  its  bedrock 
source  yet  discovered  here,  although  it  has  been  known  to  occur  in 
the  placer  deposits  of  the  region;  the  quantity  is  very  small  and  the 
mineral  could  not  be  detected  in  hand  specimens  of  the  ore. 

The  ore  is  shipped  to  the  East  Helena  smelter  and  is  reported  to 
average  $75  a  ton  in  gold. 

CLANCY  DISTRICT. 

Clancy  is  a  small  town  in  Prickly  Pear  Valley,  14  miles  southeast 
of  Helena.  It  was  settled  in  1865  and  was  formerly  a  thriving  mining 
center,  but  is  now  chiefly  dependent  on  agriculture  and  on  the  railroad, 
being  a  division  point  on  the  Havrc-Butte  branch  of  the  Great 
Northern  Railway. 

GEOLOGY. 

The  prevailing  rock  is  the  typical  quartz  monzonite  of  the  Boulder 
batliolith.  The  abundance  of  aplite  in  dikes  and  large  masses  is 
noteworthy;  some  of  the  larger  masses  attain  an  area  of  several 
square  miles,  but  they  were  not  so])arately  niap])e(l.  Intrusions  of 
pc^ijniatite  and  granite  porphyry  also  are  common. 

Of  the  younger  rocks,  rhyolitcs  are  present  in  considerable  (juantity 
ill  the  area  east  and  northeast  of  Chmcy.  They  \V(»re  eru])ted  on  a  sur- 
face whose  r(»lief  was  much  like  that  of  the  j^resent  topography.  Those 
east  of  Clancy  are  liglit-colored  porphyi'ies  and  include  flow-banded, 
iithophysal,  and  breccia  varieties.  They  are  true  rhyolitcs,  con- 
sisting essentially  of  i)henocrysts  of  quartz  and  sanidine  inclosed  in  a 
microcrystalline  groundmass  of  quartz  and  sanidine.     Most  of  them 
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are  devoid  of  dark  minerals,  but  some  contain  scattered  hexagonal 
plates  of  biotite.  The  rhyolite  forming  the  butte  at  the  mouth  of 
Clark  Gulch,  north  of  Clancy,  is  strongly  flow-banded;  in  places  the 
banding,  as  a  result  of  movement  in  the  following  lava,  is  contorted 
and  stands  vertical.  Locally  the  rhyolite  is  filled  with  UthophysaB 
or  ''stone  roses.''  The  walls  or  petals  of  the  lithophysse  are  extremely 
thin  and  delicate  and  weather  out  readily,  so  that  such  rhyolites 
yield  honeycombed  outcrops. 

Some  dikes  of  rhyolite  cutting  the  quartz  monzonite  occur  locally; 
noteworthy  among  them  are  those  paralleling  the  veins  at  the  head 
of  Warm  Spring  Creek.  They  commonly  show  margins  several  feet 
thick  consisting  of  dark  obsidian  glass.  West  of  Clancy,  in  the 
valley  of  Clancy  Creek,  a  few  dikes  of  dacite  have  been  noted. 

ORE   DEPOSITS. 

The  mines  in  the  vicinity  of  Clancy  were  founded  on  true  silver 
ores;  that  is,  ores  valuable  principally  for  their  silver  content.  A 
considerable  number  of  such  mines  were  grouped  in  Lump  Gulch,  a 
few  miles  northwest  of  Clancy,  and  gave  rise  to  a  once  flourishing 
mining  camp  called  Lump  Gulch  City.  All,  however,  are  now  idle. 
Of  the  mines  of  the  Lump  Gulch  district,  the  Liverpool,  credited 
with  a  production  of  over  a  million  dollars,  was  the  deepest  and  most 
productive.     It  attained  a  depth  of  750  feet. 

The  veins  were  inclosed  in  quartz  monzonite  and  carried  rich 
argentiferous  sulphides — galena,  sphalerite,  and  tetrahedrite — in  a 
chalcedonic  quartz  gangue.  The  only  mine  operating  in  1911  on  a 
vein  of  this  type  was  the  King  Solomon  mine,  a  description  of  which  is 
given  in  some  detail  on  pages  104-105.  In  its  essentials  this  descrip- 
tion doubtless  appUes  to  all  the  other  mines.  Dikes  of  dacite  por- 
phyry like  that  accompanying  the  King  Solomon  lode,  however,  were 
not  noted  at  the  Little  Nell,  Free  Coinage,  and  Legal  Tender  mines. 

The  ore  at  the  King  Solomon  mine  is  clearly  of  primary  origin  and 
is  unaffected  by  enrichment;  possibly,  as  suggested  by  the  following 
description  of  the  Legal  Tender  vein,  the  surface  ores  of  the  veins  of 
this  type  were  enriched  to  a  certain  extent  by  oxiJation  und  the 
removal,  by  leaching,  of  some  of  the  constituents. 

A  feature  of  the  Clancy  district  is  the  abundance  of  iron-stained 
chalcedonic  reefs,  which  form  largo,  prominent  outcrops.  Some  of 
these  reefs  carry  a  small  amount  of  tetrahedrite.  Their  relation  to 
the  productive  veins  is  not  entirely  clear;  they  are  possibly  somewhat 
younger  or  they  may  be  merely  the  large  barren  equivalents. 

The  ore  deposits  at  the  head  of  Warm  Spring  Creek,  a  tributary 
entering  Prickly  Pear  at  Alhambra,  1  mile  above  Clancy,  are  of  a 
difi*erent  type  than  the  foregoing  and  probably  belong  to  the  older 
mineralization.    They  are  quartz  veins,  carrying  mainly  pyrite  with 
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Bubordinate  galena,  sphaleritei  and  arsenopyrite;  and  yield  a  smelting 
ore  running  from  $15  to  $30  a  ton,  mainly  in  gold.  They  were 
inaccessible  during  1911,  although  preparations  were  being  made  to 
reopen  the  Fleming,  or  Bell,  mine,  which  has  been  the  principal  pro- 
ducer. These  mines  have  recently  been  described  in  brief  by  R.  W. 
Stone.* 

DESCRIPTIONS  OF  MINES. 
KDrO  SOLOMON  mHS. 

The  King  Solomon  mine  is  situated  on  the  north  side  of  the  valley 
of  Clancy  Creek,  2  miles  west  of  Clancy.  The  property  was  located  in 
1889  but  has  been  worked  only  intermittently  since  that  time.  The 
output  has  been  $100,000,  mainly  by  lessees.  In  1901  the  mine  was 
bought  by  Mr.  I.  S.  Mordand,  who  organized  the  King  Solomon 
Mining  Co.  During  1911  siliceous  silver  ore  was  being  extracted  and 
shipped  to  the  smelter  at  Butte. 

The  mine  is  opened  by  an  inclined  shaft  sunk  on  the  lode  to  a  depth 
of  300  feet.  Development  and  exploitation  is  at  present  proceeding 
on  the  300-foot  level,  west  of  the  shaft. 

The  coimtry  rock  at  the  mine  is  a  coarse  granite,  the  chemical  and 
mineralogic  features  of  which  are  described  in  detail  on  pages  56-58. 
Some  dikes  of  fine-grained  white  aplite  cut  the  granite  but  are  of  small 
importance.  Of  considerably  more  importance  is  a  thick  porphyry 
dike,  which  forms  the  hanging  wall  of  the  King  Solomon  lode.  The 
dike  trends  slightly  south  of  west  and  dips  60°  to  70°  S. ;  as  shown  by  a 
crosscut  on  the  200-foQt  level  it  is  85  feet  wide  and  the  walls  are  rather 
wavy.  In  appearance  the  dike  strongly  resembles  a  granite  porphyry, 
but  familiarity  with  the  rocks  of  the  region  suggests  that  it  is  allied 
to  the  liighl y  porphyritic  dacites  so  abundant  at  Wickcs  and  elsewhere. 
It  is  an  ash-gray  porphyry,  holding  abundant  crystals  of  feldspar 
and  quartz,  and  numberless  small  brilliant  black  flakes  of  biotite, 
the  phenocrysts  forming  half  of  the  rock.  Under  the  microscope 
the  feldspar  phenocrysts  are  found  to  be  crystals  of  glassy  andesine 
(Ab58An44)  and  are  seen  to  be  embedded  in  a  groundmass  of  crypto- 
crystalline  texture.  The  identity  of  the  rock  as  a  dacite  is  thus  es- 
tablished. The  ore  body,  being  younger  than  the  dike,  is  therefore 
of  late  Tertiary  age,  a  fact  immediately  suggested  by  the  prevalence 
of  clialcedonic  quartz  in  the  gangue  matter  of  the  lode. 

The  lode  consists  of  a  wide  sliear  zone,  traversing  mainly  granite 
but  in  places  aplite  also.  It  trends  parallel  to  the  dacite  dike,  which 
forms,  as  it  were,  a  hanging  wall  to  the  ore  deposit,  the  course  of  the 
dike,  as  already  pointed  out,  being  somewhat  wavy,  but  the  lode  pur- 
sues a  straighter  course  tlian  the  dike  and  touches  the  footwaU  of 

1  Geologic  relation  of  ore  deposits  in  tbe  Elkhom  Mountains,  Mont:  Bull.  U.  S.  Geol.  Survey  No.  470, 
1011.  pp.  87-8S. 
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the  dike  at  the  crests  of  the  waves  only.  At  such  points  the  dike  is 
generally  much  sheared  and  altered.  The  granite  adjoining  the 
lode  for  a  distance  of  at  least  20  feet  is  softened  and  has  been  greatly 
altered  through  the  action  of  the  ore-forming  solutions,  as  described 
in  detail  on  pages  56-58. 

The  lode,  or  ore-bearing  zone,  measured  normal  to  the  dike,  is  25 
feet  or  more  wide,  but  of  this  width  the  ore  aggregates  a  few  feet  at 
most.  The  ore  consists  of  narrow  slabs  of  high-grade  material  trend- 
ing parallel  to  the  structure.  In  rich  places  along  the  lode  tlie  ore 
forms  a  series  of  imbricating  slabs  of  nearly  solid  sulphides  1^  to  3 
inches  thick,  constituting  short  ore  shoots  aggr(*gating  from  1  to  2 
feet  in  thickness.  The  metallic  minerals  are  essentially  galena,  sphal- 
erite, and  tetrahedrite;  pyrite  is  rare,  but  molybdenite  has  locally 
been  found  in  some  abundance.  The  sulphides  are  irregularly  inter- 
grown  and  are  of  contemporaneous  and  primary  origin.  Ore  high 
in  tetrahedrite  is  rich  in  silver.  The  sphalerite  is  mainly  the  resin- 
colored  variety.  The  gangue  of  the  ore-bearing  veinlets  is  principally 
chalcedonic  quartz.  Some  of  the  ore,  however,  is  highly  brecciated 
and  angular  fragments  of  chalcedony  and  of  sulphide  aggregates  have 
been  recemented  by  fine-grained  curved  siderite. 

The  ore  is  carefully  sorted,  and  a  product  high  in  silver  is  obtained, 
carrying  between  100  and  200  ounces  a  ton. 

On  the  200-foot  level,  east,  the  dacite  dike  was  crosscut  and  much 
gouge  and  shattered  granite,  in  places  4  feet  wide,  was  found  on  the 
hanging  wall  of  the  dike.  Streaks  of  rich  ore  were  encoimtered  here, 
and  a  ribbon  of  ore  1 J  to  8  inches  wide,  consisting  essentially  of  resin- 
ous sphalerite  intergrown  with  tetrahedrite  in  a  quartz  gangue,  was 
found;  this  constituted  400-ounce  rock. 

LITTLE  NELL  MIKE. 

The  Little  Nell  was  the  only  mine  of  the  Lump  Gulch  mines  at  which 
there  was  some  activity  during  1911.  The  main  operations  consisted 
in  reworking  the  old  dumj)s,  but  some  underground  work  was  also 
done.  The  mine  was  partly  imwatered  and  a  tunnel  was  run  westward 
on  the  150-foot  level  in  tlie  exj)eetancy  of  reaching  an  ore  shoot. 

The  old  workings  attained  an  extreme  clej)tli  of  500  feet  and  smelter 
returns  show  a  j)roduction  of  $400,000.  The  geologic  and  mineralogic 
features  are  similar  to  those  of  the  King  Solomon  lode,  namely,  an 
argentiferous  galena-sphalerite  ore  in  a  elialcedonic  quartz  gangue. 
As  a  rule,  ore  high  in  zinc  is  jdso  high  in  silver. 

YELLOWSTONE  PROSPECT. 

The  YeUowston^Hgroup,  comprising  10  or  11  claims,  is  situated  on  a 
small  stream  tributary  to  Clancy  Creek,  5  miles  west  of  Clancy.  A 
90-foot  shaft  had  been  sunk  on  the  prospect  by  former  owners  and  had 
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been  abandoned,  but  the  property  was  relocated  in  1908  by  the  pres- 
ent owners.  A  drift  tunnel,  which  is  now  200  feet  long,  was  commenced 
by  the  new  owners  150  feet  below  the  collar  of  the  shaft. 

The  country  rock  is  quartz  monzonite,  carrying  large  porphyritic 
orthoclase  crystals  and  abundant  biotite  in  hexagonal  plates.  The 
lode  is  considered  to  be  25  feet  wide;  the  footwall  is  not  well  defined, 
but  toward  the  hanging  wall  there  are  a  number  of  good  walls  which 
show  considerable  gouge  and  horizontal  corrugation.  The  25-foot 
ore-bearing  zone  contains  a  number  of  thin  and  widely  spaced  vein- 
lets;  the  ore  minerals  are  principally  chalcop}nrito  and  galena,  with 
minor  amounts  of  sphalerite  and  pyrite.  The  gangue  is  mainly 
quartz,  grading  in  places  into  clialcedony.  Azurite  in  small  quantity 
and  a  little  malachite  are  found  on  the  surface.  The  lode,  which 
strikes  east  and  west  and  dips  65^  S.,  apparently  cuts  across  a  dacite 
dike  90  feet  wide  and  trending  nearly  north  and  south. 

KENNEDY  OB  JACKSON  CBEEK  MINS. 

The  Kennedy  mine  is  one  of  the  old  mines  of  the  district  that  has 
been  recently  reopened.  The  former  workings  are  said  to  have 
attained  a  depth  of  250  feet.  The  ore  consisted  of  rich  silver  sul- 
phides, which,  in  1872,  were  hand  sorted  and  hauled  to  Fort  Benton 
by  ox  teams  and  shipped  to  Swansea,  Wales.  The  old  workings  are 
no  longer  accessible.  An  incline  of  69**  has  recently  been  sunk  to  a 
depth  of  115  feet  and  a  crosscut  back  to  the  ledge  on  the  100-foot 
level  was  commenced. 

The  country  rock  is  a  coarse  granite,  consisting  of  orthoclase, 
plagioclase,  quartz,  and  biotite.  At  the  surface  this  has  been  dis- 
integrated to  a  sand  through  which  project  a  few  hard  fresh  aplite 
dikes.  Tlireo  parallel  ledges  occur  on  the  property,  trending  east 
and  west.  One  that  is  being  prospected  by  pits  sliows  an  overburden 
of  disintegrated  granite  10  feet  thick.  In  places  the  ledge  is  repre- 
sented by  oxidized  sheared  granite. 

LEGAL  TENDER  MINE. 

The  Legal  Tender  mine  is  situated  a  short  distance  east  of  Clancy. 
According  to  Raymond,^  writing  in  1873: 

Thibi  lode  is  a  true  fissure  vein,  cutting  through  granite,  and  is  considered  iho  richest 
and  best  developed  silver  property  in  the  Territory.  The  ore  and  vein  matter  varies 
in  thickness  from  1  to  3  feet,  increasing  gradually  in  width  as  dej>th  is  obtained. 
A  ]>ortion  of  the  ore  in  the  vein  is  a  very  rich  argentiferous  galena,  carrying  a  larger  or 
smaller  quantity  of  dark-brown  zinc  blende,  sul})huret8,  and  carbonates  of  lead,  oxide 
of  manganese,  iron,  cop])er,  and  antimony,  with  streaks  in  which  native  wire,  (lake, 
sheet,  and  ruby  silver  occur  abundantly.  The  heaviest  galena  ores  contain  bla(;k  and 
gray  sulphurets  of  silver,  and  yield  from  $2,000  to  $4,000  per  ton.  A  fine  blue  quartz- 
use  ore  predominates,  in  which  occurs  very  frequently  native  and  ruby  silver.     A 

cs  of  mines  and  mining  in  the  States  and  Territories  west  of  the  Rocky  Mountains,  1873,  p.  230. 
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■aafl  portion  cltiiaiBcgMCiab»wuewfiiliyrBdncad  by  ttaw^^ 
betn  doBonrtntod  in  the  woiki  at-lblona  and  JTolionon  City;  but  tine  laiger  portion 
of  tine  on  torn  thif  mine  on  be  moot  profitably  reduced  by  tlie  mining  (iDerting» 
chloridiaing,  md  amelgMnmting)  pieces..  The  lode  was  fint  diaooverad  by  Joacph 
Fnhi  in  1806,  bat  no  iroik  of  developnient  was  accomplUied  until  187S,  under  tiie 
management  of  itapieaantownen,  idio  came  into  poaneBon  in  tlie  winter  of  1871-72. 
Up  to  May  1, 1872,  e  ihaft  waa  simk  only  to  the  dflpth  of  60  feet,  ivhidi,  however,  dei» 
onatiated  tlie  exlrtence  of  e  true  vein  and  e  body  of  very  rich  ore.  Since  that  time 
wok  hai  been  proaecuted  with  vigor,  and  laige  and  commodioua  wliim,  ahaft,  and  ore 
houaea  have  been  erected,  with  company  office,  aaaay  office,  and  other  neceaaaiy 
buildingB. 

The  mine  is  developed  to  the  depth  of  160  feet,  flhowing  an  increaaiiig  width  of  vein 
with  depth.  At  the  depth  of  80  feet  levela  were  run  140  feet  east  and  90  feet  wert, 
and  at  the  depth  of  160  feet  the  east  level  is  out  130  feet.  Some  atopinghaa  been  done 
east  of  the  main  ahaft.  An  air  ahaft  60  feet  west  of  main  ahaft  extends  down  to  the 
80-foot  level. 

From  the  commencement  of  work  by  the  present  owners  up  to  January  1, 1873,  the 
mine  has  produced  7  tons  of  ore  yielding  96,090  coin  value,  or  at  the  rate  of  8870  per 
ton;  alao  180  tons  of  ore  yielding  $54,000  coin  value,  or  at  the  rate  of  f417.78}  par  ton; 
and  240  tons  yielding  831,607  com  value,  in  lota,  at  ratea  varying  from  fl28.42  to  1208.40 
per  ton.    About  176  tons  of  second-daas  ore  are  now  on  lumd. 

•  •  ■     •  •  •  •  • 

The  ftat-daas  ores  have  moatly  been  shipped  out  of  the  Tenitory  in  wagons  to 
Oorinne,  thence  to  San  Fnmdaoo  and  Europe. 

The  mine  has  long  been  idle  and  dismantled.  The  preceding  de- 
scription has  been  thus  fully  quoted  because  the  facts  therein  pre- 
sented! taken  together  with  the  present  condition  of  the  noine,  gire 
an  accurate  picture  of  what  has  happened  to  so  many  other  mines 
tHroughout  this  same  region. 

From  what  can  now  be  seen  on  the  surface,  the  vein  ranged  from 
4  to  6  feet  in  width,  trended  N.  80^  E.,  and  dipped  vertically.  It 
belonged  to  the  sfgne  type  of  ore  body  as  the  Bang  Solomon.  The 
fine  blue  quartzose  ore  of  Raymond's  report  is  the  fine-grained  flinty 
or  chalcedonic  quartz  of  this  report.  Ninety  feet  south  of  the  Legal 
Tender  shaft  ard  huge  iron-stained  outcrops  of  one  of  the  chalcedonic 
reefs  so  common  in  this  part  of  the  district.  The  Legal  Tender  vein 
is  either  cut  off  by  this  reef  or  converges  with  it  at  a  narrow  angle 
approximately  200  feet  west  of  the  shaft. 

WICKBS  DISTRICT. 


LOCATION   AND   HISTORY. 

The  Wickes  district  has  been  the  largest  producer  of  silver-lead  ore 
in  Jefferson  County.  Witliin  the  district  as  designated  in  this  report, 
are  included  the  towns  of  Wickes,  Corbin,  and  Jefferson,  and  the 
deserted  mining  camps  of  Gr^ory  and  Comet.  Jefferson  was  settled 
in  1864  and  Wickes  in  1877.    Corbin  is  considerably  more  recent. 

Wickes  is  situated  20  miles  south  of  Helena  on  the  Great  Northern 
Railway.    Formerly  it  was  served  also  by  a  branch  of  the  Noi 
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Pacific  Railway,  extending  from  Helena,  but  this  line  was  abandoned 
about  1900.  The  large  smelting  plant  of  the  Helena  Mining  &  Reduc- 
tion Co.  was  situated  here  and  was  operated  until  1893,  when  it  was 
shut  down.  It  has  never  been  started  again  and  is  now  a  wreck. 
This  blow,  together  with  the  cessation  of  mining  at  many  of  the  prop- 
erties in  the  vicinity,  destroyed  the  prosperity  of  Wickes.  Corbin, 
situated  2  miles  below  Wickes,  has  in  recent  years  enjoyed  a  copper 
boom  on  account  of  the  large  bodies  of  ore  believed  to  exist  there,  but 
since  the  panic  of  1907  the  boom  has  largely  collapsed. 

Although  the  district  contains  an  array  of  mines  noteworthy  for 
their  output — the  yield  of  the  Alta,  Comet,  Gregory,  and  Minah 
mines  aggregating  over  $50,000,000 — only  one  property  was  shipping 
ore  in  1911.  This  was  the  Blue  Bird  mine,  which  produces  a  copper- 
silver  ore.  Extensive  development  work,  however,  was  in  progress 
at  the  properties  of  the  Boston  &  Corbin  Gold  &  Silver  Mining  Co., 
Corbin  Copper  Co.,  and  Corbin  Metals  Mining  Co. 

GEOTX)OY. 

The  oldest  rocks  in  the  Wickes  district  belong  to  the  series  of  ande- 
sites  and  latites.  They  form  the  largest  remnant  of  the  cover  under 
which  the  granite  of  the  Boulder  batholith  cooled.  Massive  lavas, 
breccias,  and  an  unusual  proportion  of  fine-grained  tuff  and  argilla- 
ceous rocks  are  found.  In  places  the  andesites,  or  more  probably 
latites,  display  conspicuous  flow  streaking,  as  near  the  summit  out- 
crops of  the  Alta  lode  and  along  the  road  from  Wickes  to  Gregory. 
The  prevalence  of  banded  tuffs  allows  the  dip  and  strike  to  be  deter- 
mined more  readily  than  is  generally  possible  in  the  andesite-latite 
series.  Measurements  show  that,  although  flat  dips  are  of  general 
occurrence,  steep  dips  up  to  45°  are  common.  These  dips  are  steeper 
than  those  obtaining  along  the  margins  of  the  batholith;  furthermore, 
the  strike  of  the  beds  is  inconstant  in  direction.  This  structural 
complexity  suggests  a  possibility  that  the  roof  remnant  lias  suffered 
partial  foundering  and  collapse  during  the  intrusion  of  tlie  quartz 
monzonite. 

The  granitic  rock  of  tlie  Wickes  area  is  the  normal  quartz  monzonite 
of  the  Boulder  batholith.  It  is  intruded,  however,  by  unusually 
large  masses  of  a])lite,  the  largest  of  wliicli  is  shown  on  the  geologic 
map  (PI.  I.  p.  20).  Another  large  area,  probal)ly  approacliing  in  size 
tliat  east  of  Corbin  and  Wickes,  lies  west  and  southwest  of  Jefferson. 
Dikes  of  aplite  also  are  common  in  the  quartz  monzonite  and  in  the 
andesites. 

West  of  Wickes  is  a  considerable  area  of  dacites  that  form  a  series 
of  pronunent  white  and  light^gray  porphyries.  These  rocks  rest  on 
the  eroded  surface  of  the  andesites  and  granite  and  are  therefore 
considerably  younger.     Dikes  of  dacite  pierce  the  older  rocks ;  some 
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of  these  that  carry  few  or  no  quartz  phenocrysts  are,  strictly  speak- 
ing, biotitc  andesites  and  are  not  easily  distinguishable  from  diorite 
porphyries. 

DESCRIPTIONS   OF   MINES. 
ALTA  Mm. 

The  Alta  mine,  whose  output  of  $32,000,000  is  by  far  the  largest  of 
the  mines  in  the  region,  Is  situated  on  Alta  Mountain,  2  miles  south- 
west of  Corbin.  It  was  developed  by  a  series  of  tunnels,  the  lowest 
of  which  is  known  as  the  800-foot  tunnel,  although  it  is  considerably 
less  than  800  feet  vertically  below  the  summit  of  Alta  Mountain.  The 
property,  together  with  many  others  in  the  vicinity  of  Wickes,  was 
acquired  in  1883  by  the  Helena  Mining  &  Reduction  Co.  A  smelter, 
which  was  for  some  years  the  largest  reduction  plant  in  Montana, 
was  built  at  Wickes,  and  regular  mining  operations  continued  until 
1893.  Since  then  an  intermittent  production  has  been  maintained 
by  lessees.  In  1909,  however,  the  property  was  taken  over  by  the 
Boston  &  Alta  Mining  Co.  and  a  shaft,  situated  near  the  mouth  of 
tunnel  No.  8,  was  sunk  to  a  depth  of  600  feet.  Drifting  was  com- 
menced to  intercept  the  vein  below  the  old  levels,  but  operations  were 
suspended  in  August,  1910.  Lessees  were  engaged  during  1911  in 
extracting  carbonate  ore  from  shallow  surface  workings  and  grass- 
root  tunnels  near  the  summit  of  Alta  Mountain. 

The  production  of  tlie  mine  previous  to  1893  is  stated  to  have  been 
1,250,000  tons  of  ore,  aggregating  $32,000,000,  mainly  in  lead  and 
silver,  and  up  to  that  time  only  the  highest  grade  ore  was  shipped.* 

The  prevailing  rock  in  the  vicinity  of  the  Alta  mine  is  a  latitic 
andesite.  The  rock  at  the  summit  of  the  mountain  shows  a  pro- 
nounced streaky  and  flow-banded  structure.  The  intrusive  granite 
occurs  several  hundred  yards  east  of  tunnel  No.  8;  on  the  wagon  road 
below  the  mine  a  dike  of  coarse  aplite  and  two  dikes  of  dacite  50  or 
100  feet  wide  are  exposed,  penetrating  the  andesites. 

The  underground  workings  being  inaccessible,  only  surface  obser- 
vations could  be  made.  These  show  that  the  ore  body,  trending 
slightly  south  of  west,  was  inclosed  in  the  andesites  and  that  the  ore 
minerals  consisted  of  galena,  sphalerite,  and  pyrite.  The  introduc- 
tion of  the  ore,  as  shown  by  material  on  tlie  dumps  at  6,100  feet  alti- 
tude, was  accompanied  b\'  intense  tournialinization,  so  tliat  radial 
aggregates  of  black  tourmaline  are  common  in  the  altered  andesite. 
In  places  the  andesite  was  fractured  and  netted  with  quartz  tourmaline 
veinlets  and  impregnated  with  pyrite.  Such  rock  examined  micro- 
scopically proves  to  be  composed  of  quartz  and  sericite  in  nearly  equal 
abundance,  tourmaline,  and  pyrite. 

1  Mineral  Resources  U.  S.  for  1909,  U .  8.  Gcol.  Survey,  1910,  p.  374. 
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The  output  of  $32,000,000  of  lead-silver  ore  entitles  the  Alta  lode 
to  rank  among  the  world's  most  notable  deposits  of  lead-silver  ore 
occurring  in  noncalcareous  rocks.  Further^  this  great  yield  would 
seem  to  give  it  foremost  place  in  the  class  of  tourmalinic  ore  deposits. 


The  Bertha  mine,  the  property  of  the  Boston  &  Corbin  Copper  & 
Silver  Mining  Co.,  is  situated  1  mile  west  of  Corbin.  The  company 
was  organized  in  1907  and  the  main  work  done  on  the  property  has 
been  accomplished  since  that  time.  A  2-compartment  shaft,  operated 
by  a  balanced  electric  hoist,  was  sunk  to  a  depth  of  900  feet,  which  was 
the  bottom  level  of  the  mine  at  the  time  of  visit.  This  level,  how- 
ever, is  called  the  1,200-foot  level,  owing  to  the  fact  that  the  discovery 
croppings  are  situated  300  feet  above  the  collar  of  the  shaft.  It  is 
planned  to  erect  a  300-ton  concentrator  on  the  property. 

The  country  rock  is  a  coarse  gray  granite  or  quartz  monzonite. 
The  vein  trends  northeast-southwest  and  dips  steeply  northwest, 
commonly  in  excess  of  80°.  Drifts  have  been  run  along  the  vein 
southwest  from  the  shaft  on  various  levels  and  a  considerable  tonnage 
of  ore  has  been  blocked  out.  The  vein  ranges  in  thickness  from  a  few 
inches  to  a  maximum  of  10  feet  p^nd  on  the  700-foot  level  averages 
about  4  feet;  on.  the  900  and  1 ,200  foot  levels  it  is  somewhat  narrower. 
The  vein  on  the  700-foot  level  has  a  well-marked  ribbon  structure, 
where  undisturbed,  but  much  postmineral  movement  has  taken  place 
and  the  quartz  is  brecciated  along  the  footwall.  This  postmineral 
movement  was  mainly  horizontal,  as  shown  by  corrugations  on  the 
walls,  and  took  place  chiefly  along  the  footwall,  which  is  overlain  by 
a  layer  of  gouge  in  places  IJ  feet  thick.  Locally  this  gouge  is  some- 
what stained  with  iron  oxide.  The  granite  adjoining  the  vein  on  the 
700-foot  level  shows  white  chalky  feldspars,  which  give  it  a  porphyritic 
appearance;  it  slacks  and  cnimbles  readily.  In  this  phase  the  biotite 
plates  have  remained  unattached  and  lustrous;  in  otlier  phase^s  both 
feldspar  and  biotite  are  sericitizcil  and  the  rock  is  more  highly 
pyritized. 

The  ore  is  a  coarse  white  quartz,  carrying  clialcopyritc  and  pyritc, 
and  is  stated  to  average  from  2  to  3  per  cent  copper,  with  small 
values  in  silver  and  gold.  Some  of  the  ore  carries  small  amounts  of 
a  lead-gray  mineral,  locally  known  as  gray  copper,  but  which,  on  quali- 
tative chemical  analysis,  proves  to  be  a  sulphide  of  lead  and  bismutli 
answering  to  the  description  of  cosalito.  It  would  probably  be  a 
matter  of  some  metallurgical  interest  to  determine  whetlier  this 
mineral  carries  any  silver,  as  it  will  undoubtedly  slime  during  con- 
centration. Some  bornite  occurs  in  small  amount  on  the  700-foot 
level,  but  is  not  found  above  or  below  this  level.     It  may  represent 
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local  enrichment,  but  this  is  doubtful.  Other  than  the  occurrence  of 
this  bomite,  there  is  no  evidence  of  sulphide  enrichment,  and  the 
bulk  of  the  ore  is  clearly  of  primary  origin. 

According  to  a  recent  report/  a  carload  shipment  of  average  ore 
for  testing  purposes  sampled  3.6  per  cent  copper,  7.1  ounces  of  silver, 
and  20  cents  in  gold  to  the  ton. 

BUZZABD  ICniE. 

The  Blizzard  mine  is  situated  3  miles  west  of  Wickes.  It  was 
operated  by  a  company  from  1888  to  1896  and  by  lessees  from  1899 
to  1906.  In  1911  throe  men  wore  engaged  in  exploring  the  property 
with  a  view  to  opening  it  up  again.  The  old  workings  produced 
about  $150,000,  smelter  returns  showing  that  the  ore  carried  from 
0.1  to  0.8  ounce  of  gold  and  10  to  60  ouncas  of  silver  to  the  ton  and 
6  to  20  per  cent  of  lead.  There  are  two  veins  on  the  property,  and 
of  these  only  the  northern  vein  carries  ore.  The  northern  vein  occurs 
in  a  shear  zone  in  andcsite  and  ranges  in  thickness  from  a  few  inches 
to  6  feet.  The  joint  planes  in  the  andesite  near  the  vein  are  at 
many  places  heavily  pyritized;  rarely  slight  tourmalinization  occurs 
along  the  joints  in  the  andesite,  but  occurs  nowhere  in  connection  with 
the  ore.  llie  ore  consists  principally  of  pyrite  and  arsenopyrite,  in 
places  with  small  bands  and  patches  of  galena,  sphalerite,  and 
blende,  rarely  chalcopyrite.     Practically  no  quartos  is  present. 

The  smelter  returns  show  that  this  ore  carries  0.3  ounce  of  gold 
and  14  ounces  of  silver  to  the  ton,  8.5  per  cent  of  lead,  and  1.3  per 
cent  of  copper.  The  southern  vein,  which  is  said  to  fault  the  northern 
vein,  occupies  a  fault  plane  in  the  andesite  and  dips  45°  N.,  except  at 
the  east  end  near  the  fault,  where  it  dips  85°.  The  filling  of  this  vein 
consists  of  pyrite,  rhodochrosite,  pyrolusite,  calcite,  and  quartz. 

BLXTE  BIRD  MIHE. 
GENERAL  FEATURES. 

The  Blue  Bird  mine  is  situated  at  an  altitude  of  7,000  foot,  4  milos 
west  of  Wickos.  It  is  one  of  the  old  mines  of  the  district,  and  the 
property,  recently  enlarged  by  the  purchase  of  the  adjoining  Penn 
Yan  claim  on  the  west,  was  taken  over  in  1011  by  a  new  company, 
which  is  proceeding  to  develop  the  mine  systematically. 

The  authenticated  production  is  S175,0()(),  but  the  amounts  taken 
out  by  lessees  from  time  to  time  are  believed  to  bring  the  total  up  to 
$250,000. 

The  main  haulage  wa\',  wliose  portal  is  situated  400  feet  below  the 
highest  point  on  the  outcrop  of  the  lode,  consists  of  a  crosscut  tunnel 
648  feet  long  bearing  S.  45°  W.,  and  a  tunnel  foDowing  the  trovd  of 

1  Eng.  and  Mln.  Jour.  vol.  93, 1912,  p.  608. 
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the  lode  for  1,600  feet  in  the  general  direction  N.  80^  W.  The  tunnel, 
which  is  of  somewhat  devious  course,  though  considerably  straightened 
by  the  present  management,  will  eventually  undercut  the  lode 
beneath  a  shoot  of  ore  known  to  have  been  exploited  in  the  sunmiit 
workings.  This  shoot  was  350  feet  long  and  has  been  stoped  out 
from  the  120-foot  level  to  the  surface.  The  ore  averaged  0.56 
ounce  in  gold  and  65  ounces  in  silver  to  the  ton,^  being  considerably 
higher  in  precious  metals  than  the  ore  now  mined. 

Geologically  the  Blue  Bird  mine  is  situated  on  the  western  margin 
of  a  large  andesitic  area  that  constitutes  a  remnant  of  the  roof 
under  which  the  quartz  monzonite  was  intruded.  It  Hcs  at  the  head 
of  a  long  embayment  of  the  quartz  monzonite  extending  into  the 
andesites,  an  embayment  sufficiently  pronounced  to  be  apparent  on 
the  geologic 'map,  even  with  the  small  scale  employed.  On  account 
of  this  proximity  to  the  intrusive  contact,  various  granitic  dikes, 
comprising  quartz  monzonite,  aplite,  and  diorite  porphyry,  penetrate 
the  general  country  rock  at  the  mine.  Contact-metamorphic  altera- 
tion also  has  aifectod  the  rocks,  especially  those  on  the  west  end  of 
the  property. 

The  rocks  at  the  Blue  Bird  mine  consist  principally  of  andesitic 
tuffs  grading  into  hard  shales.  They  are  known  locally  as  "slates,"  ' 
but  none  show  slaty  cleavage.  Such  local  terms  are  apt  to  be  mis- 
leading in  a  general  report,  so  the  term  will  not  be  used  here;  it  need 
but  be  pointed  out  that  the  ''slates'*  at  the  Blue  Bird  mine  are  in  no 
respect  similar  to  the  rocks  locally  called  ''slates"  at  Marysville.  A 
specimen  taken  100  feet  south  of  the  lode  line  at  the  summit  of  the 
hill  is  a  massive  fine-grained  greenish-gray  rock  of  andesitic  appear- 
ance. Under  the  microscope  its  tuffacoous  character  becomes 
apparent.  It  is  soon  to  be  composed  of  plagioclase  fragments  with 
numerous  epidoto  aggregates  and  chlorite  scales  embeiUlod  in  a 
cryptocrystalline  matrix.  Some  of  the  coarser-grained  rocks  are 
clearly  of  pyroclastic  origin,  but  the  finer-grained  rocks  are  less  easily 
discriminable,  and  it  is  of  course  impossible  to  draw  any  hard  and 
fast  lino  between  argillaceous  tuffs  and  pure  shales.  Hero,  as  else- 
whore  in  the  region,  as  shown  under  the  systematic  treatment  of  the 
geology  (pp.  23-29),  lava,  tuff,  and  argillaceous  rocks  occur  int^r- 
stratifiod.  Undoubted  massive  porphyritic  andosito,  possibly  latitic 
Uko  that  on  Alta  Mountain,  is  found  in  the  mine;  it  was  specially 
noted  in  drift  No.  SI 2.  The  bedded  andesitic  tuffs,  as  shown  in 
a  cutting  near  the  suporiiitondont's  house,  strike  north  and  south 
and  dip  40°  K. 

Diorite  porphyry  forms  extensive  outcrops  800  feet  north  of  the 
lode  line,  and  similar  rock  luis  boon  (encountered  on  the  main  haulage 

'  Winchell,  H.  V.  und  A.  N.,  Notes  on  the  Blue  Bird  mine:  Econ.  (Jeology,  vol.  7, 1912, p.  287. 
*  Tbej  are  so  termed  by  U.  V.  and  A.  N.  Wincbell,  op.  cit ,  p.  292. 
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leyel  of  the  mine.  The  relation  of  this  rock  to  the  surrounding  rocks 
has  not  been  determined,  and  it  is  not  known  whether  the  diorite 
porphyry  preceded  or  followed  the  quartz  monzonite  intrusion. 
Diorite  porphyry  from  crosscut  No.  605,  locally  termed  granite,  is  a 
highly  porphyritic  rock  containing  numerous  plagioclase  phenocrysts 
and  hornblende  inclosed  in  a  microcrystalline  matrix.  Under  the 
microscope  the  plagioclase  phenocrysts  are  found  to  bo  labradorite 
near  AbjAnj  and  remarkably  clear  and  well  preserved,  in  view  of  the 
altered  condition  of  the  rest  of  the  rock.  The  porphyritic  hornblendes 
are  largely  changed  to  confused  intergrowths  of  actinolite.  The 
groundmass  is  composed  essentially  of  a  microgranitic  aggregate  of 
orthoclase  and  quartz,  with  accessor}-  niagnotito.  Common  secondary 
minerals  are  chlorite,  e[)id()te,  and  pyrite.  The  diorite  jwrphyrj'^  mass 
in  drift  No.  605  shows  various  phases;  where  pyritized  and  sericitized 
it  is  hght  colored,  and  where  mainly  tourmalinized  it  is  nearly  black. 
Such  kinds  of  alteration  took  place  concurrently  with  the  formation 
of  the  lode,  and  a  small  pocket  of  2-ounce  gold  ore,  consisting  of 
columnar  arsenopyrite  embedded  in  a  matrix  of  sphalerite  and 
pyrite,  was  encountered  in  this  altered  diorite  porphyry,  which  is 
therefore  clearly  older  than  the  ore  body. 

Dacite  is  the  youngest  igneous  rock  at  the  mine.  It  forms  a  50-foot 
dike  lying  in  the  footwall  of  the  lode  and  dipping  70°  S.  The  dike 
is  apparently  several  thousand  feet  long,  having  been  noted  at  the 
Penn  Yan  shaft  on  the  west  and  at  the  Abe  tunnel  on  the  east.  The 
dacite  is  a  light-gray  porphyry  holding  phenocrysts  of  quartz,  pla- 
gioclase, and  biotite  in  numerous  small  hexagonal  plates.  The  char- 
acteristic features  of  this  rock  are  suflicient  to  establish  its  identity 
with  the  extrusive  dacites  of  the  region,  which  are  so  well  developed 
a  few  miles  east  of  the  mine.  The  dacite  dike  was  therefore  injected 
long  after  the  main  mineralization  at  the  Blue  Bird  mine  had  taken 
place.  Some  brecciation  of  the  footwall  of  the  dike  has  occurred, 
followed  by  a  slight  intro(kirtion  of  pyrite,  but  this  mineralization 
was  of  no  economic  importance. 

THE   ORE. 

The  ore  occurs  in  shoots  along  a  ])r()foun(lly  tourmaiinized  zone 
trending  approximately  east  and  west.  On  the  200-foot  level  of  the 
Blue  Bird  shaft  a  crosscut  into  the  lianging  wall  shows  40  (vvi  of 
tourmalinic  rock.  This  rock  is  of  striking  ap])oaran('e  and  shows, 
contrasted  against  a  light-colored  matrix,  a  great  number  of  radial 
groups  of  black  columnar  tourmaline,  the  hirgest  several  inches 
in  diameter.  Arborescent  growths  are  common.  Microscopically 
the  rock  is  seen  to  be  composed  of  tourmaline,  quartz,  sericite, 
pyrite,  and  apatite.  The  tourmaline  ranges  from  broad  columns 
of  brown-green  color  to  long  colorless  ultramicroscopic  needles 
70935*— Bull.  527—13 8 
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traversing  a  succession  of  consecutively  adjoining  quartz  grains. 
Apatite,  although  ranking  as  an  accessory  mineral  only,  was 
probably  introduced  with  the  tourmaline  and  pyrite.  The  rock  as 
a  whole  has  been  so  thoroughly  recrystallized  that  its  original  char- 
actor  is  no  longer  recognizable.  The  ore  is  found  in  rock  of  this  kind. 
Along  the  lode  some  remarkably  thorough  postmineral  brecciation 
and  crushing  has  taken  place,  producing  rounded  fragments  of  ore 
embedded  in  a  clayey  matrix. 

In  the  workings  on  the  main  haulage  way  and  in  the  two  levels 
below  it,  the  features  of  the  ore-bearing  zone  are  somewhat  diflPerent. 
A  tourmalinic  breccia  occurs  on  both  sides  of  a  granitic  dike,  which 
is  10  to  15  feet  thick  and  dips  70°  S.  In  places  this  granitic  dike  is 
intensely  shattered.  The  tourmalinic  breccia  is  not  continuously 
developed  along  the  course  of  the  dike.  It  is  composed  of  angular 
fragments  of  various  rocks  cemented  together  by  a  black  fine-grained 
aggregate  of  tourmaline  and  quartz.  This  cement  is  similar  in  com- 
position and  appearance  to  the  '* black  quartz''  at  Rimini.  Among 
the  rock  fragments  inclosed  in  the  breccia,  granite  is  most  easily 
recognizable,  but  many  light-colored  fragments  of  fine  texture  are 
present,  which  are  probably  the  highly  altered  equivalents  of  the 
andesitic  tuffs.  The  granite  has  undergone  extreme  metamorphism 
and  now  consists  essentially  of  quartz,  sericite  (unusually  well  devel- 
oped in  fan-shaped  groups),  tourmaline,  and  cubical  pyrite.  Arseno- 
pyrite  is  found  locally. 

Isolated  bodies  of  ore-bearing  tourmaliniferous  rock  are  found 
parallel  to  the  tourmalinic  breccia.  Along  the  strike,  where  the 
tourmalinization  was  feeble,  the  tourmaline  rock  is  represented,  as  in 
drift  No.  812,  by  a  s6ries  of  vertical  stringers  of  tourmaline  1  inch  wide, 
which  consist  of  a  succession  of  radial  groups  centered  along  a  crack 
commonly  lined  with  pyrite. 

The  ore  shipped  to  the  smelter  during  1911  was  composed  principally 
of  iron-black  tetrahedrite  and  pyrite  intcrgrown  with  perfect  radial 
groups  of  tourmaline,  commonly  under  half  an  inch  in  diameter. 
The  pyrite  has  a  tendency  to  occur  as  large  irregular  or  distorted 
cubes.  Splialerite  and  galena  are  rare  constituents.  Under  micro- 
scopic examination  such  ore  shows  tourmaline,  quartz,  pyrite, 
tetrahedrite,  sphalerite,  and  <^iilena.  The  thin  delicate  prisms  of 
tourmaline  pierce  the  various  sulphides  and  all  the  minerals  appear 
to  be  essentially  contemporaneous. 

The  ore  is  stated  to  carr}'  10  to  25  ounces  to  the  ton  in  silver,  3  to  5 
per  cent  of  copper,  and  small  amounts  of  gold. 

COMET  UUTE. 

The  Comet  mine,  the  property  of  the  Montana  Consolidated  Copper 
Co.,  lies  7  miles  northwest  of  Boulder.  It  has  been  one  of  the  larg- 
est producers  in  the  region  and  is  popularly  credited  with  a  produc- 
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tion  of  $13,0()0;000.  For  some  years  no  systematic  work  has  been 
in  progress;  during  1911  four  different  parties  of  lessees  were  at  work 
getting  out  ore  above  the  tunnel  levels. 

The  mine  lies  near  the  contact  of  the  quartz  monzonitc  and  the 
andesite.  On  the  summit  of  the  ridge  northeast  of  Comet  the  ande- 
site,  which  is  of  massive  porphyritic  character,  is  tourmalinized, 
showing  numerous  well-developed  radial  groups  of  tourmaline.  Far- 
ther northeast  on  this  same  ridge  considerable  coarse  andesitic  breccia 
is  exposed  and  shows  much  tourmalinization  accompanied  by  devel- 
opment of  sericite.  The  country  rock  at  the  Comet  mine  itself  is 
a  fairly  coarse  grained  quartz  monzonite.  A  large  pit  over  100  feet 
long  and  30  feet  wide,  on  the  summit  of  the  hill  east  of  tlic  shaft, 
contains  a  few  horses  of  quartz  mixed  witli'  altered  granite,  which  is 
intensely  sericitized  and  shows  a  small  development  of  tourmaline. 
This  feature  indicates  that  the  Comet  ore  body  belonged  to  the  older 
tourmaline-bearing  set  of  deposits.  In  confirmation  of  this  is  the 
fact  that  the  ore  body  is  cut  by  a  dacite  dike  35  feet  wide;  much  rock 
from  this  dike  can  be  seen  on  the  mine  dumps  where,  because  of 
its  striking  appearance,  it  is  quite  conspicuous.  It  shows  large 
quartz  phenocrysts  and  altered  feldspars  embedded  in  a  gray  matrix 
commonly  showing  fluxion  structure. 

The  old  mine  workings  are  generally  inaccessible;  the  timbers  are 
crushed  and  the  tunnels  caved.  At  one  place  the  lessees  are  taking 
out  ore  from  three  parallel  lenticular  masses  trending  east  and  west 
and  dipping  nearly  vertical.  The  ore  is  a  solid  mass  of  sulphi  es, 
more  or  less  oxidized,  and  is  usually  accompanied  by  a  vein  of  quartz 
against  one  or  other  of  the  walls.  The  granite  is  much  shattered  and 
slickensided  and  reduced  to  gouge.  The  ore  is  commonly  kneaded 
into  fragments  embedded  in  vein  matter.  The  ore  minerals  are 
essentially  galena  and  sphalerite,  with  which  are  associated  pyrite  and 
chalcopyrite  and  rarely  arsenopyrite. 

CORBm  COPPER  CO.'S  PROPERTY. 

The  property  of  the  Corbin  Copper  Co.,  comprising  about  40 
patented  claims,  is  situated  at  the  head  of  Clancy  Creek,  a  few  miles 
west  of  Corbin.  A  large  amount  of  development  work  has  been  done 
here  in  recent  years  and  a  concentrator  has  been  built  on  the  property. 
At  the  present  time  most  of  the  work  is  hinn^j;;  done  on  the  Dewoy  and 
Bonanza  tunnels. 

The  country  rock  consists  mainly  of  andesitic  tuffs  and  intei-strati- 
fied  argillaceous  beds.  The  tunnels  al)ove  the  Dewey  tunnel  show  a 
zone  of  shattered  and  leached  rocks  at  least  from  60  to  100  feet  wide. 
Near  the  mouth  of  the  Bonanza  tunnel  are  large  reef-like  cropi)ings 
of  red-weathering  tourmalinized  andesite.  The  rock  exposed  in  the 
Bonanza  tunnel  is  generality  soft  and  of  granitic  appearance.  It  Ls  a 
gray  medium-grained  granitoid,  in  which  biotite  is  the  only  mineral 
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certainly  rocQgnizable,  and  is  evidently  an  intrusive  dike  in  the 
andesites.  Under  the  microscope  it  shows  an  aplitic  texture  and  is 
seen  to  consist  of  plagioclase,  orthoclase,  micropegmatite,  and  biotite. 
In  places  in  the  tunnel  this  rock  has  been  highly  altered,  so  that  it 
is  now  made  up  largely  of  tourmaline  and  forms  exceedingly  hard 
and  resistant  material.  It  is  composed,  as  determined  microscopi- 
cally, of  quartz,  brown  tourmaline,  sericite,  and  pyrite,  accompanied 
by  accessory  apatite  and  zircon.  Locally  masses  of  ore,  composed 
of  gfklena  and  chalcopyrite  associated  with  pyrite  and  sphalerite, 
occur  in  the  tourmalinic  rock.  At  the  time  of  the  writer's  visit  a  raise 
was  being  put  through  on  a  mass  of  ore  of  this  kind  from  the  Bonanza 
timnel  to  the  Dewey  tunnel,  207  feet  above. 

The  Rosalie  tunnel,  situated  2,000  feet  southeast  of  the  preceding 
tunnels,  shows  dense-grained  argillaceous  rocks  lying  horizontally 
or  inclined  at  low  angles  to  the  south.  A  drift  was  run  on  a  nar- 
row vein  more  than  800  feet.  The  vein  shows  a  remarkably  fine  and 
continuous  hanging  wall.  It  is  faulted  in  places,  the  greatest  dis- 
placement encountered  being  35  feet.  The  ore  was  an  oxidized 
pyritic  ore,  showing  considerable  tourmalinization.  It  was  of  good 
grade,  but  on  accoimt  of  the  small  quantity  foimd  work  has  been 
suspended  on  this  vein. 

In  the  Montana  tunnels  a  mineralization  of  an  entirely  different 
character  and  origin  from  that  of  the  Rosalie  tunnel  is  exposed. 
It  consists  mainly  of  a  pyritized  conglomerate  associated  with  dacitic 
tuff  and  massive  dacite,  showing  flow  banding.  In  the  upper  tunnel 
pyritization  ceases  against  the  massive  dacite^  which  forms  a  sort  of 
hanging  wall.  A  winze  to  the  lower  tunnel,  35  feet  below,  shows  that 
the  rock  is  considerably  impregnated  with  pyrite,  perhaps  to  the 
extent  of  3  or  4  per  cent.  Galena  occurs  rarely.  The  rock  along  the 
upper  tunnel  is  said  to  average  8  ounces  silver  for  a  distance  of  130 
feet. 

The  tuffaceous  rock  is  soft  and  incoherent  in  the  tunnels  but  hardens 
on  exposure  to  the  atmosphere.  The  conglomerate  carries  well- 
rounded  cobbles,  the  largest  12  inches  long,  some  being  dacite,  some 
alaskite,  but  the  most  andesite.  It  holds  irregular  lenses  of  white 
material,  probably  tuff,  abruptly  delimited  from  the  inclosing  rock. 
In  the  lower  tunnel  the  conglomerate  is  overlain  by  a  flow  of  dacite 
dipping  20°  N.  At  other  places  massive  dacite  abuts  against  the 
conglomerate  along  fault  contacts. 

CO&Bnr  METALS  MIVIHa  CO.'B  PBOPEBTT. 

The  Corbin  Metals  Mining  Co.,  whose  property  is  situated  about 
2  miles  southeast  of  Corbin,  is  developing  the  Silver  King  and  other 
lodes.  An  incline  has  been  sunk  to  a  depth  of  400  feet  and  con- 
siderable drifting  and  cross-cutting  has  been  done.     Five  parallel 
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veins,  inclosed  in  the  granite  country  rock  and  trending  N.  30°-46°  E., 
have  been  crosscut.  The  veins  are  strong  shear  zones,  ranging  in 
thickness  from  a  few  inches  to  8  feet.  They  are  filled  with  crushed 
granite,  which  has  been  sheared  into  small  irregular  lenticles.  Some 
of  the  veins  are  tight  and  dry,  but  others  let  in  considerable  water. 
As  seen  on  the  lowermost  level  the  gangue  material  of  the  veins  is 
somewhat  altered  by  vein-forming  solutions  and  slightly  pyritized. 
There  is  no  evidence  of  oxidation  at  this  depth,  nor  that  enrichment 
has  taken  place,  and  it  is  clear  that  the  zone  of  primary  sulphides 
has  been  encountered.  The  metallic  minerals  noted  in  material  on 
the  dump  are  pyrite,  galena,  subordinate  sphalerite,  and  rarely 
molybdenite. 

ORBOOBT  MINE. 

The  Gregory  lode  was  located  in  1864  and  is  therefore  one  of  the 
oldest  properties  in  the  region.  The  workings  are  now  inaccessible, 
the  surface  plant  destroyed,  and  the  smelter  is  represented  by  only 
the  stumps  of  the  stacks.  The  production,  according  to  popular 
report,  was  $8,000,000  in  lead  and  silver. 

The  mine  lies  near  the  contact  of  the  andesite  and  a  tongue  of 
diorite  intrusive  from  the  main  mass  of  quartz  monzonite.  The  upper 
Miocene  dacites,  as  shown  on  the  geologic  map  (PI.  I),  occur  a  few 
hundred  feet  south  of  the  mine  but  are  of  later  orig'm  than  the  ore 
bodies.  The  dumps  show  mainly  andesite,  which  is  commonly 
pyritized  and  in  places  slightly  tourmalinized.  Diorite  is  present  in 
smaller  amoimts  and  is  as  a  rule  pyritized  and  sericitized.  The  ore 
consists  of  galena,  sphalerite,  and  pyrite.  According  to  Mr.  Ldndgren, 
who  was  assayer  at  the  mine  in  1883,  the  ore  worked  at  that  time  was 
extremely  high  in  zinc,  and  ore  carrying  as  much  as  15  per  cent  zinc 
was  smelted. 

HOaSBBROB  PB08PBCT. 

The  Horseshoe  prospect  lies  2  miles  west  of  Corbin.  Several  hun- 
dred feet  of  tunnel  have  been  drifted  along  an  irregular  intrusion 
contact  of  aplite  and  andesite.  The  aplite  is  highly  tourmalinize<I, 
pyritized,  and  sericitized.  The  andesite  also  shows  a  similar  set  of 
alterations,  but  a  further  alteration  has  been  superposed  upon  the 
earlier  by  the  action  of  downward-moving  sulphate  solutions.  Ex- 
posed surfaces  in  the  tunnels  are  covered  with  needles  of  gypsum,  and 
the  andesite  when  broken  open  is  found  to  be  permeated  with  flat 
crystals  of  gypsum.  In  addition  to  the  apUte  and  andesite,  masses  of 
dacite  were  encountered  in  the  tunnels  and  complicate  the  geology. 
The  contacts  of  the  dacite  with  the  other  rocks  are  sheared,  and  this 
shearing  is  probably  a  measure  of  the  amount  of  postmineral  move- 
ment, as  the  dacite  itself  is  unmineraUzed  and  shows  neither  the 

* 

intense  tourmalinization  nor  sericitization  that  the  older  rocks  '^' 
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The  primary  mineralization,  in  which  apparently  the  principal  metallic 
sulphide  introduced  was  pyrite,  therefore  took  place  after  the  intru- 
sion of  the  aplite  and  before  the  intrusion  of  the  dacite.  Pyrite  has 
possibly  been  introduced  after  the  dacite  came  into  place,  but  in 
comparatively  small  amount. 


The  Minah,  one  of  the  old  and  well-known  mines  in  the  Wickes  dis- 
trict, is  situated  1^  miles  northwest  of  Wickes.  According  to  popular 
report  the  production  has  been  $2,000,000,  but  the  property  is  now  idle 
and  the  smelter  dismantled.  During  1901  the  output  aggregated 
3,000  tons  of  shipping  ore,  which  carried  20  ounces  of  silver  and  $12 
in  gold  to  the  ton.* 

The  country  rock  is  a  highly  porphyritic  dacite,  showing  large 
phenocrysts  of  striated  feldspar,  numerous  small  quartzes,  and  small 
black  flakes  of  biotite.  The  ore  bodies,  however,  seem  to  have  been 
not  in  the  dacite,  but  in  the  underlying  andesite.  The  mine  was 
developed  by  a  series  of  tunnels,  the  lower  of  which  extends  300  feet 
through  dacite  to  reach  the  vein.  The  upper  tunnel  is  situated  at 
the  contact  of  the  dacite  with  the  andesite,  which  is  here  a  fault  con- 
tact. Such  ore  as  can  now  be  seen  contains  large  amounts  of  arseno- 
pyrite  in  columnar  crystals,  and  also  pyrite,  galena,  sphalerite,  and 
minor  chalcopyrite,  but  it  is  not  known  whether  this  ore  is  repre- 
sentative of  what  was  the  productive  part  of  the  deposit. 

KXraBSOTA  MINE. 

The  Minnesota  mine  is  situated  on  Clancy  Creek,  a  short  distance 
south  of  the  old  town  of  Gregory.  It  is  one  of  the  oldest  located 
properties  in  the  region;  some  development  work  has  been  done  on  it 
in  recent  years,  but  it  was  idle  during  1911.  The  property  is  devel- 
oped by  a  number  of  tunnels  and  an  open  cut.  At  the  upper  end  of 
the  open  cut  a  small  vein  of  copper-stained  quartz  is  inclosed  in  much- 
altered  andesite.  The  strike  is  east  and  west,  and  the  dip  is  steep 
to  the  north.  On  the  south  wall,  near  the  east  end,  there  is  altered 
granitic  rock  which  contains  small  veins  of  tourmaline  with  quartz 
and  pyrite.  The  upper  tunnel  is  in  altered  granitic  rock.  The  lower 
tunnel  shows  an  irregular  intrusion  into  the  andesite  of  granitic  rock, 
which  where  fresh  appears  to  be  a  diorite.  Slipping  is  shown  along 
most  of  the  contacts.  The  ore  occurs  in  small  veins,  which  cut  both 
rocks  but  do  not  appear  to  follow  the  contact.  They  are  of  workable 
width  in  the  granite  only. 

The  ore  minerals,  consisting  of  galena,  blende,  pyrite,  a  minor 
amount  of  arsenopyrite,  and  rare  specks  of  chalcopyrite,  are  inclosed 
in  a  small  amount  of  quartz  gangue. 

>  Foartaenth  Ann.  R«pt  Inq>6ctor  of  IClneB,  Uflntana,  1902,  p.  87. 
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HO&THBBir  PACIFIC  lOHX. 

The  Northern  Pacific  mine  lies  on  the  west  side  of  Alta  Mountain. 
The  country  rock  is  a  highly  flow  banded  andesite.  The  ore  contains 
galena,  pyrite,  and  sphalerite;  in  a  gangue  of  manganiferous  calcite 
holding  fragments  of  brecciated  andesite. 

WI0KB8-00&Bnr  OOPPXB  OO.'B  PBOPEBTT. 

The  property  of  the  Wickes-Corbin  Copper  Co.  is  situated  a  short 
distance  southeast  of  Wickes  in  a  small  gulch  known  locaUy  as  Picnic 
Gulch.  The  principal  piece  of  development  work  is  the  Bunker  Hill 
ti^nnel  No.  4,  approximately  900  feet  long.  The  prevailing  country 
rock  at  the  workings  is  a  dark  gray-blue  andesite,  well  exposed  on  the 
west  side  of  Picnic  Gulch.  On  the  east  side  of  the  gulch  the  andesite 
is  intruded  by  granitic  rocks  belonging  to  the  Boulder  batholith  and 
shows  conspicuous  evidence  of  thermal  metamorphism.  The  summit 
of  the  ridge  on  the  east  of  the  gulch  is  occupied  by  an  intrusive  mass 
of  aplite  or  alaskite,  which  in  places  is  prominently  porphyritic,  owing 
to  the  presence  of  large  phenocrysts  of  quartz  and  feldspar.  As  a  rule 
it  is  thoroughly  sericitized;  approaching  a  fine-grained  greisen  in  ap- 
pearance, and  it  is  almost  impossible  to  obtain  unaltered  rock. 

The  Bunker  Hill  tunnel  No.  4  is  being  driven  to  undercut  an  exten- 
sive outcrop  of  leached  andesites  exposed  approximately  300  feet 
above  the  portal.  A  tunnel  275  feet  above  the  Bunker  Hill  tunnel 
is  200  feet  long  and  traverses  leached  andesites;  drifts  extending  50 
to  100  feet  in  a  north-south  direction  are  more  or  less  coated  with  chal- 
canthite — crystallized  copper  sulphate — and  with  gypsum  needles. 
The  rocks  contain  disseminated  pyrite,  evidently  cupriferous,  vein- 
lets  of  solid  pyrite,  and  also  some  that  are  galena  bearing.  The  rocks 
traversed  in  the  lower  or  Bunker  Hill  tunnel  are  exceedingly  jointed 
andesites,  which  are  pierced  by  a  vertical  aplite  dike,  approximately 
200  feet  wide  as  exposed  along  the  tunnel.  The  andesites  are  more  or 
less  pyritized  throughout  the  length  of  the  tunnel  and  are  traversed  by 
pyritic  seams.  Some  weak  and  poorly  defined  irregular  shear  zones 
are  encountered  at  various  places  and  are  veined  with  discontinuous 
quartz  stringers  canying  galena,  sphalerite,  chalcopyrite,  and  pyrite. 
The  main  lode,  lying  on  the  inner  side  of  the  aplite  contact,  is  4  feet 
wide  but  does  not  constitute  pay  ore.  It  is  believed  that  the  deposit 
exposed  on  the  surface,  if  the  dip  is  vertical,  will  be  intersected  in 
tunnel  No.  4  at  about  900  feet  from  the  portal.  If  there  is  any  sec- 
ondary enrichment  it  can  be  predicted  that  it  has  taken  place  a  short 
distance  below  the  upper  tunnel  level,  as  all  ore  in  the  main  crosscut 
is  of  primary  character. 

In  the  Tulare  tunnel,  on  the  east  side  of  the  gulch,  considerable 
drifting  has  been  done  along  irregular  shear  zones  in  the  andesites. 
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In  these  workings  there  were  encountered  some  masses  of  biotite 
andesite,  a  rock  relat.ed  to  the  dacites  that  occur  in  great  volume  west 
of  Wickes. 

BOTTLDBB  AND  BASIN  DISTBICTS. 

LOCATION. 

Boulder  and  Basin  are  situated  on  Boulder  River.  Boulder,  a 
town  of  800  population,  is  the  county  seat  of  Jefferson  County.  Little 
mining  is  in  progress  in  the  district  adjoining  it.  Basin,  founded  in 
1880,  lies  8  miles  west  of  Boulder;  a  concentrator  for  the  treatment 
of  Butte  ores  was  built  here  because  of  the  abundance  of  water. 
Cataract  and  Basin  creeks  enter  Boulder  River  near  Basin  from  the 
north  and  northwest;  the  roads  that  ascend  the  valleys  of  these 
streams  render  a  large  part  of  the  Boulder  Mountains  tributary  to 
Basin. 

The  Boulder  Hot  Springs  are  situated  2  miles  south  of  Boulder. 
They  have  been  carefully  described  in  detail  by  Weed,*  who  has 
shown  that  the  hot  waters  are  in  process  of  forming  mineral  veins 
filled  with  quartz,  stilbite,  and  calcite,  which  contain  small  but 
appreciable  amounts  of  gold  and  silver. 

DESCRIPTIONS   OF   MINES. 
BOBBBT  EMMBT  MIHB. 

The  Robert  Emmet  mine  lies  at  an  elevation  of  6,600  feet  on  the 
south  side  of  the  Wickes-Boulder  divide  near  the  road  between  those 
towns.  It  is  electrically  equipped  and  a  shaft  has  been  sunk  to  a 
depth  of  470  feet,  with  levels  at  200  feet  and  350  feet,  but  these  were 
not  accessible  at  the  time  of  visit.  The  vein  occurs  in  the  granite 
several  hundred  yards  east  of  the  contact  of  the  granite  and  andesites, 
which  are  well  exposed  upon  the  divide;  it  is  said  to  strike  east  and 
west  and  to  average  5  feet  in  width.  The  ore  in  the  upper  level  as 
seen  on  the  dump  consists  of  sphalerite,  pyrite,  chalcopyrite,  and 
galena  in  a  quartz  gangue.  The  valuable  constituents  are  silver  and 
copper,  together  with  a  small  amount  of  gold  ($2  to  $5). 

AMAZOB  MIHB. 

The  Amazon  mine  is  situated  on  the  west  side  of  Boulder  Valley, 
4  miles  north  of  Boulder.  The  mine  was  closed  down  during  1911, 
but  its  owners  intend  to  reopen  it.  The  country  rock  is  a  granite. 
The  ore  contains  much  sphalerite  and  galena,  with  a  small  amount  of 
chalcopyrite  and  pyrite  in  a  quartz  gangue. 

BALTIXOBB  MIHB. 

The  Baltimore  mine  is  situated  on  Boomerang  Creek,  4^  miles 
northwest  of  Boulder.  A  small  crew  of  men  were  employed  on  the 
property  during  1911. 

1  Weed,  W.  H.,  Twenty-first  Ann.  Kept.  U.  S.  Geol.  Surrey,  pt  7, 1900,  pp.  227-255. 
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Two  separate  ore  bodies  have  been  exploited.  The  upper  one  is 
opened  by  tunnds  4,  5;  and  6;  the  lower  one  by  tunnels  1,  2,  and  3. 
Tunnel  1,  which  enters  the  hill  at  an  elevation  slightly  above  the 
bed  of  Boomerang  Creek,  is  the  only  one  in  which  work  was  being 
done  at  the  time  of  visit. 

The  general  country  rock  in  the  vicinity  of  the  mine  is  granite,  but 
the  principal  workings  are  in  intrusive  masses  of  apUte,  a  light- 
colored  granular  rock  consisting  of  orthoclase,  quartz,  and  a  minor 
amoimt  of  biotite.  There  have  been  encountered  also  some  porphyry 
dikes  of  andesitic  character,  related  to  the  dacites  cappiqg  the  granite 
on  Sugarloaf  Mountain,  which  lies  a  short  distance  southwest  of  the 
mine.  The  ore  bodies  that  have  been  mined  were  short,  irregular 
veins  vdth  numerous  branches,  but  locally  swelling  to  considerable 
dimensions.  In  tunnel  5  there  remains  a  large  body  of  ore,  consisting 
mainly  of  black  sphalerite  inclosed  in  a  coarse  white  quartz  gangue. 
Galena,  pyrite,  and  chalcopyrite  are  associated  sulphides.  Sphal- 
erite transformed  to  covellite  is  found  as  a  rarity.  This  ore  body 
was  too  zincky  to  work  formerly,  and  only  the  portions  containing 
considerable  lead  were  extracted. 

The  ore  body  developed  in  the  three  lower  tunnels  has  been  largely 
stoped  out  to  the  surface  from  above  tunnel  2.  In  this  tunnel  Ihe 
vein  is  approximately  130  feet  long  and  is  terminated  at  both  ends 
by  faults.  The  first  65  feet  has  been  stoped  out;  the  remainder  of 
the  vein  consists  of  flinty  gray  and  chalcedonic  quartz,  evidently  too 
low  grade  to  pay  for  extraction.  In  the  winze  between  tunnels  2  and 
1,  86  feet  below,  the  vein  is  well  shown.  It  stands  vertical  and 
ranges  in  width  from  6  to  8  feet.  The  hanging  wall  is  sharply  de- 
fined, but  the  footwall  is  less  well  marked,  the  vein  inclosing  some 
aplite,  reticulated  with  fine-grained  siliceous  veinlets.  The  gangue  is  a 
coarse  white  quartz  irregularly  mingled  with  dark  flinty  quartz  and 
carrying  a  sparse  amount  of  metallic  sulphides.  Pyrite  is  the  prin- 
cipal sulphide,'  and  sphalerite,  galena,  and  chalcopyrite  occur  in 
minor  amounts.     The  ore  is  stated  to  contain  $7  a  ton  in  gold. 

OBAT  XAOX^B  lOHX. 

The  Gray  Eagle  mine  is  situated  at  the  head  of  Bishop  Creek,  a 
tributary  of  High  Ore  Creek.  The  lower  or  main  working  tunnel  is 
1,800  feet  long,  but  only  1,000  feet  are  now  accessible;  it  traverses 
'both  granite  and  aplite.  The  pit  on  the  surface,  however,  is  in 
andesite.  The  course  of  the  vein  is  N.  75^  W.  The  lower  tunnel  is 
approximately  200  feet  below  the  pit,  and  a  shaft  inside  the  tunnel 
was  simk  another  200  feet.  Apparently  there  was  one  principal  ore 
shoot,  which  was  stoped  out  to  the  surface.  The  estimates  of  pro- 
duction show  a  considerable  range,  but  half  a  million  dollars'  worth 
of  lead-silver  ore  seems  to  be  a  moderate  figure. 
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OOFPBK  mro  PBoapxoT. 

The  Copper  King  prospect  is  situated  3  miles  northeast  of  Basin  in 
Hiawatha  Gulch.  The  principal  development  consists  of  a  tunnel 
drifted  125  feet  along  the  vein.  During  1911  a  shaft  was  being  sunk 
on  the  vein  and  attained  a  depth  of  35  feet.    Two  men  were  employed. 

The  ore  body  is  a  narrow  vein  a  foot  thick  at  most,  trending  east 
and  west;  inclosed  in  granite  walls.  The  ore  is  a  quartz  carrying 
tetrahedrite  and  a  small  amount  of  p3n*ite.  The  quartz  is  of  coarse 
glassy  character  mingled  with  cryptocrystalline  and  chalcedonic 
phases.  By  sorting,  a  product  containing  24  oimces  of  silver  and 
$1.60  in  gold  to  the  ton  and  running  94  per  cent  of  silica  is  obtained. 
The  ore  is  sorted  so  as  to  run  high  in  silica,  because  it  is  shipped  to  the 
copper  smelter  for  use  as  converter  lining,  and  a  bonus  of  15  cents  is 
paid  for  each  unit  in  excess  of  75  per  cent  of  silica. 

QVABTZ  MASS  HXAB  BASHT. 

A  great  mass  of  quartz  is  inclosed  in  granite  1  mile  east  of  Basin 
alongside  the  track  of  the  Great  Northern  Railway.  This  quartz 
mass  was  formerly  of  some  ecomomic  importance;  it  was  quarried 
and  shipped  to  Butte  as  converter  lining  for  the  copper  smelters. 

The  quartz  mass  is  200  feet  in  altitude  from  its  top  to  the  floor  of 
the  pit;  most  of  it  forms  a  sheer  face  of  coarse  solid  white  quartz 
absolutely  devoid  of  any  metallic  sulphides;  on  the  level  of  the  pit  it 
is  350  feet  wide.  Coarse  quartz  monzonite  surrounds  the  quartz  mass, 
but  the  actual  contact  is  covered  everywhere  by  loose  material.  The 
monzonite  shows  megascopically  no  noticeable  alteration.  In  the 
tunnel,  which  is  100  feet  below  the  pit,  the  main  rock  is  a  coarsely 
granular  alaskite  porph3n*y  slightly  pyritized.  Only  an  insignificant 
amount  of  quartz  is  exposed  in  the  tunnel.  A  noteworthy  feature  is 
that  small  quartz  stringers,  branching  off  from  the  larger  masses  and 
penetrating  the  porphyry,  inclose  numerous  euhedral  crystals  of 
orthoclase  up  to  three-fourths  of  an  inch  in  length,  forming  a  rock 
resembling  a  quartzose  pegmatite. 

BVA  VAT  XDIB. 

The  Eva  May  mine  is  situated  on  Cataract  Creek,  8  miles  north  of 
Basin.  The  mine  is  developed  by  a  shaft  1 ,200  feet  deep,  with  levels 
at  every  100  feet  down  to  the  600-foot  level,  and  also  at  800  feet  and 
1,200  feet.  The  general  rock  in  the  vicinity  of  the  mine  is  a  coarse 
gray  quartz  monzonite  cut  by  intrusions  of  a  tourmaline-bearing 
white  aplite.  The  ore  is  a  coarse  white  quartz  carrying  pyrite,  chal- 
copyrite,  galena,  sphalerite,  and  tetrahedrite.  Further,  it  is  note* 
worthy  that  some  of  the  ore  contains  considerable  black  tourmaline. 
An  interesting  fact  is  that  the  mine  dump  shows  also  considerable 
blue-gray  cryptocrystalline  quartz,  but  the  significance  of  this  or  its 
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relation  to  the  tourmaline-bearing  quartz  ore  could  not  be  deter- 
mined on  account  of  the  inaccessible  condition  of  the  underground 
workings. 

Concerning  this  mine  Weed^  says: 

An  example  of  the  economic  necessity  of  carefully  observing  secondary  fractures 
and  accompanying  eniichment  is  shown  by  the  Eva  May  minoi  on  Oataiact  Greek, 
near  Boulder,  Montana.  In  the  early  history  of  the  mine  much  high-grade  ore  Was 
found,  consisting  of  pyrite,  together  with  more  or  less  galena,  blende,  and  chalcopyrite, 
the  whole  impregnated  with  scattered  bunches  of  rich  antimonial  sulphides  of  silver. 
The  vein  is  a  laige  one  and  shows  thick  ore  shoots  of  pyritic  ore,  but  the  bulk  of  this, 
away  from  the  enriching  fracture,  is  too  poor  to  work. 

An  analysis  of  a  concentrate  of  the  pyritic  ore,  cited  by  Weed,  shows 
9.83  per  cent  of  lead,  6  per  cent  of  zinc,  4.56  per  cent  of  copper,  0.1 
ounce  of  gold,  and  1 .85  ounces  of  silver. 

The  King  tunnel,  which  is  being  driven  to  hold  some  unpatented 
ground,  is  450  feet  in  length  and  is  drifted  along  a  highly  tourmalinic 
lode  2^  to  3  feet  wide.  The  principal  sulphide  is  pyrite,  with  arseno- 
pyrite,  sphalerite,  and  galena  in  minor  amounts.  Sulphides  are  con- 
temporaneous with  the  tourmaline  and  it  is  noteworthy  that  in 
comby  veinlets  of  quartz  the  tourmaline  fills  the  central  portion  of 
the  veins. 

VHCLX  SAM  KZn. 

The  Uncle  Sam  mine  is  an  old  property,  from  which  in  early  days 
some  12,000  tons  of  ore  were  taken  out  and  hauled  to  Wickes.  This 
was  said  to  carry  from  $30  to  $90  a  ton.  Operations  have  recently 
been  commenced  to  reopen  the  mine.  A  crosscut  tunnel  is  being 
driven  to  intersect  the  lode  at  a  depth  of  about  175  feet;  the  estimated 
length  is  450  feet,  of  which  250  feet  had  been  completed  at  the  time  of 
visit. 

The  country  rock  is  aplite,  forming  a  border  between  the  main  body 
of  granite,  which  is  encountered  in  the  tunnel,  and  a  capping  com- 
posed of  andesites.  An  aplite  dike,  10  to  15  feet  wide,  with  gouge  on 
both  contacts  was  crosscut  in  the  tunnel.  The  vein  is  near  the  con- 
tact of  the  aplite  with  the  overlying  andesites;  in  fact  the  pits  on  the 
extension  of  the  vein  are  in  andesite.  The  andesites,  or  probably 
more  accurately  latites,  are  flow-banded  varieties;  they  have  been 
considerably  metamor))hosed  by  the  intrusion  of  the  granitic  rocks 
and  in  consequence  are  not  easily  recognizable.  They  are  light  colored 
and  because  of  their  light  color  and  highly  developed  flow  banding 
have  been  regarded  as  rhyolites  and  phonolites. 

The  old  workings  took  out  a  shoot  of  ore  extending  80  feet  east  of 
the  incline  shaft  and  reaching  a  depth  on  the  incline  of  130  feet. 
The  ledge  is  said  to  be  12  feet  wide  and  the  ore  minerals  are  galena 
and  sphalerite  with  subordinate  tetrahedrite. 

I  Weed,  W.  H.,  OflDBsIs  of  ore  depoeits,  spodal  publication  Am.  Inst  liin.  Eng.,  1903,  p.  405. 
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WX8TSBV  RBUKVS  MXVXVO  00/B  MZn. 

The  Western  Reserve  Mining  Co.  owns  the  Hattie  Ferguson  mine 
on  Cataract  Creek,  6  miles  from  Basin.  The  mine  was  forma'ly 
worked  by  a  shaft  140  feet  deep,  but  a  crosscut,  now  over  1,400  feet 
long,  is  being  driven  and  i&  expected  to  cut  the  vein  at  a  depth  of  362 
feet  below  the  collar  of  the  shaft.  The  country  rock  is  aplite,  which 
extends  northward  to  the  Sirius  and  Klondike  mines,  although  a 
small  amount  of  normal  granite  is  encountered  in  this  area.  The 
aplite  is  somewhat  porphyritic,  and  near. the  vein  this  texture  is 
accentuated  by  the  challqr  appearance  of  the  feldspar.  The  ore 
minerals  are  galena,  pyrite,  and  sphalerite,  and  40  per  cent  of  the 
value  is  said  to  be  in  gold. 

BTTTTX  AVD  PHZLADSLPHXA  PK08PBCT. 

The  Butte  and  Philadelphia  prospect  is  situated  on  the  flank  of 
the  group  of  peaks  known  as  the  Three  Brothers  and  lies  northwest 
of  the  south  peak  at  an  elevation  of  7,800  feet.  The  property  is 
reached  from  the  south  by  the  road  extending  up  Basin  Creek  from 
Basin.  Some  machinery  was  installed  and  a  small  amount  of  devel- 
opment work  was  in  progress  during  1911.  A  series  of  three  parallel 
veins  traverses  the  granite,  one  of  which  is  developed  by  250  feet  of 
tunnel.  The  strike  i^  N.  80®  W.  and  the  dip  65°  N.  The  ore  occupies 
a  7  to  10  foot  crushed  zone  in  the  granite.  The  metallic  minerals 
are  chiefly  pyrite,  with  small  amounts  of  galena  and  sphalerite, 
associated  with  very  little  quartz.  Between  the  pyrite  and  the 
heavy  zone  of  gouge  that  occurs  along  the  hanging  wall,  there  are 
in  places  slabs  of  galena  1  inch  thick  and  from  1  to  2  feet  in  diameter, 
showing  a  banded  structure. 

BiTLLiov  mam. 

The  Bullion  mine  lies  at  an  elevation  of  7,400  feet  on  the  northwest 
side  of  Jack  Mountain,  10  miles  by  road  from  Basin.  A  concentrator 
and  smelter  of  200  tons  daily  capacity  was  constructed  and  several 
thousand  feet  of  drifts  and  tunnels  run,  but  the  property  is  now  idle. 

The  country  rock  at  the  mine  is  mainly  quartz  monzonite,  intruded, 
however,  by  small  dikes  and  masses  of  tourmaline-bearing  aplite. 
Near  the  ore  the  rock  is  much  altered  by  sericitization  and  pyritiza- 
tion  and  is  cut  by  irregular  veins,  carrying  black  columnar  tourma- 
line, quartz,  and  pyrite.  The  ore  minerals  in  order  of  decreasing 
abundance  are  pyrite,  tetrahedrite,  galena,  sphalerite,  chalcopyrite, 
and  arsenopyrite,  and  are  inclosed  in  a  gangue  of  coarse  white  quartz. 
A  second  and  later  mineralization  has  affected  the  veins  and  is 
represented  by  a  gray,  flinty  quartz  carrying  minor  amounts  of 
metallic  sulphides.    The  ore  therefore  is  of  composite  origin. 
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MOBVXBTG  STAB  XIBS. 

The  Morning  Star  mine  is  situated  on  the  west  side  of  the  valley 

of  Basin  Creek,  half  a  mile  west  of  Winters  Camp.     The  ore  body 

strikes  east  and  west  and  consists  of  a  quartz  vein  inclosed  in  a 

much-altered  andesite.     The  metallic  minerals  are  galena,  sphalerite, 

pyrite,  and  chalcopyrite  in  small  amount.     The  richest  ore  occurs 

i^  a  2i-inch  streak,  consisting  principally  of  galena,  and  is  reported 

to  run  40  ounces  in  silver  and  S3. 80  in  gold  to  the  ton  and  50  per 

cent  of  lead. 

CI7STSK  Mors. 

The  Custer  mine  is  situated  1  mile  southeast  of  Basin  at  an  eleva- 
tion of  6,000  feet.  The  ore  body  is  a  wide  quartz  vein,  in  places 
attaining  a  width  of  30  feet,  traversing  sericitized  granite.  The 
strike  of  the  vein  is  east  and  west,  but  the  pay  streaks,  which  are 
generally  under  1  foot  in  width,  are  very  irregular  in  width  and 
direction.  The  ore  is  a  high-grade  silver-lead  carbonate,  which  is 
stated  to  carry  40  ounces  in  silver  and  $18  in  gold  to  the  ton. 

ALLPOBT  Mnrx. 

The  AUport  Mining  Co.'s  property,  consisting  of  5  end-on-end 
claims  extending  northeast  and  southwest,  is  situated  4  miles  south 
of  Basin,  at  an  altitude  of  7,500  feet.  The  main  development  work 
consists  of  a  shaft  110  feet  deep  and  a  number  of  short  levels.  Dur- 
ing 1911  work  was  in  progress  on  the  55-foot  level,  but  the  vein 
below  this  level  is  flooded  with  water. 

The  country  rock  is  a  coarse  gray  granite.  On  the  56-foot  level 
the  vein,  which  trends  N.  36°  E.  and  dips  nearly  vertical,  is  from  5 
to  6  feet  wide  and  consists  partly  of  quartz  and  partly  of  granite. 
The  wall  rocks  are  much  altered  by  sericitization  and  impregnation 
with  pyrite.  The  vein  on-  the  IQQ-foot  level  is  said  to  be  12  feet 
wide  and  to  assay  SI 6  a  ton  in  silver  and  gold  across  the  face.  The 
ore  is  a  bluish-gray  cryptocrystalline  quartz,  carrying  mainly  pyrite 
in  small  amount  and  some  sphalerite. 

On  the  northwest  extension  of  the  course  of  the  vein  some  coarse- 
grained white  quartz  veinlets  were  seen  that  carried  considerable 
tourmaline,  but  these  were  said  to  be  valueless.  These  quartz- 
tourmaline  veinlets  have  been  brecciated  and  recemented  by  chal- 

cedonic  quartz. 

BiTBT  mn. 

The  Ruby  mine  is  situated  on  Lowland  Creek,  4  miles  from  its 
junction  with  Boulder  River.  The  10-stamp  mill  on  the  property  is 
built  near  the  stream  at  6,000  feet  altitude,  but  the  mine  Ues  half  a 
mile  southeast  of  the  mill,  at  an  altitude  of  6,750  feet.  By  air  line 
the  Ruby  mine  is  14  miles  north  of  Butte.  The  property  was  located 
in  the  seventies  and  surveyed  for  patent  in  1888. 
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The  production  is  estimated  to  be  $1,250,000 — ^70  per  cent  in  gold 
and  the  ^mainder  in  silver.  Rich  ore  was  sent  to  the  smelter,  and 
netted  from  $17  to  $302  a  ton  in  carload  lots.  The  mine  has  been 
operated  only  intermittently,  having  several  times  been  considered 
as  worked  out.  In  September,  1911,  the  mill  wias  i^ain  started  and 
commenced  crushing  a  dump  of  some  1,200  tons  of  second-class  ore 
which  had  accumulated  during  recent  exploratory  work. 

The  main  shaft  is  situated  at  6,750  feet  altitude  and  was  sunk  to  a 
depth  of  400  feet.  A  crosscut  timnel  intersects  the  shaft  at  150  feet 
below  the  surface.  The  mine  is  now  flooded  with  water  below  the 
150-foot  level. 

The  general  country  rock  at  the  Ruby  mine  is  dacite,  or  rhyoUte, 
as  it  is  better  known  locally.  It  lies  in  the  heart  of  the  great  area  of 
dacites  that  extends  southward  to  Butte  and  forms  Big  Butte  at  that 
city.  At  the  Ruby  mine  the  original  thickness  of  the  superposed  suc- 
cession of  dacite  lavas  and  breccias  was  at  least  2,500  feet.  The  dacite 
at  the  mine  is  a  markedly  porphyritic  rock,  showing  numerous  crystals 
of  quartz  and  glassy  striated  feldspar  embedded  in  a  light-grayish 
groimdmass  of  dense  texture.  In  the  vicinity  of  the  mill  the  rock  is 
prevailingly  a  dacite  breccia. 

The  ore-bearing  zone  extends  from  the  main  shaft  to  the  Columbia 
claim,  a  distance  of  several  thousand  feet,  the  general  trend  being 
S.  20^  E.  Within  this  zone  the  ore  occurs  in  shoots,  or  more  properly 
in  parallel  veins,  dipping  steeply  westward  and  apparently  disposed 
roughly  in  6chelon  fashion.  The  Ruby  shaft  was  sunk  on  a  shoot  of 
ore  which,  as  shown  on  the  stope  map,  was  260  feet  deep,  40  feet  long, 
and  20  feet  wide.  The  extreme  length,  which  was  70  feet,  was  on 
the  200-foot  level.  This  shoot  of  ore,  or  pipe,  as  it  is  termed  locally, 
yielded  $600,000.  The  country  rock  in  the  vicinity  of  this  shoot  is 
extremely  sheared  and  shattered.  To  the  north  the  ore  body  is  ter- 
minated by  a  southward-dipping  fault  zone,  which  is  brecciated  and 
mineralized  through  a  width  of  40  feet  or  more. 

South  of  the  Ruby  shoot  another  vein  was  found,  in  which  the 
productive  portion  was  170  feet  long  and  4  feet  wide.  The  walls  of 
this  vein  are  generally  well  defined.  A  marked  vertical  undulation 
is  a  characteristic  feature  of  the  hanging  wall.  In  places  the  vein  is 
fiilled  with  fault  breccia,  some  fragments  of  which  are  20  inches  long. 
Toward  the  north  the  fissure  is  apparently  cut  off  by  a  cross  fault 
dipping  45^  S.,  although  the  fissure  is  here  so  small  as  hardly  to  be 
recognizable.  The  fissure  is  traceable  by  a  well-defined  footwall  for  a 
distance  of  60  feet  south  of  the  productive  portion,  where  it  is  termi- 
nated by  a  cross  fault  dipping  south.  It  is  not  impossible  that  some 
of  the  cross  faults  are  fractures  contemporaneous  with  the  major 
fissuring.  The  ore  consists  of  angular  dacite  fragments  cemented  by 
quartz,  calcite,  and  minor  adularia.    The  adularia,  where  embedded 
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in  quartz  and  calcitei  is  not  easily  distinguishable,  but  in  places-forms 
ciystals  up  to  one-fourth  inch  in  diameter.  Its  identity  was  estab- 
lished chemically  and  opticaUy.  The  quartz  is  commonly  clear, 
glassy,  and  drusy,  but  where  it  is  solid  it  is  of  compact  saccharoidal 
texture.  Some  of  the  siliceous  veinlets  show  a  porcelain-like  texture, 
but  such  cryptocryst^ine  quartz  is  far  less  comiHon  at  the  Ruby 
mine  than  at  the  surrounding  properties.  The  sulphides,  which  are 
confined  to  the  gangue  material  that  cements  the  dacite  fragments, 
comprise  pyrite,  argentite,  and  possibly  others  that  because  of  their 
fine  subdivision  are  not  readily  recognizable.  Native  silver  is  com- 
mon locally.  The  grade  of  the  ore  decreases  with  increase  in  size 
of  the  dacite  fragments  filling  the  fissure. 

The  workings  extend  on  the  southeast  into  the  Columbia  claim, 
which  was  recently  acquired  by  the  owner  of  the  Ruby  mine.  The 
Colimibia  vein  is  developed  by  a  number  of  drift  tunnels,  one  of  which 
now  connects  with  the  Ruby  workings.  A  pronoimced  joint  system, 
trending  N.  20^  W.,  occurs  in  the  Columbia  tunnels  and  appears  to 
have  governed  the  trend  of  the  ore  body.  The  Columbia  vein  repre- 
sents a  zone  of  brecciation  12  feet  or  more  wide.  The  individual 
fragments  of  brecciated  dacite  show  little  movement  or  deorientation, 
and  the  filling  of  the  vein  consists  for  the  most  part  of  angular  frag- 
ments of  dacite  coated  with  a  crystalline  crust  of  quartz.  In  places, 
however,  th^re  is  considerable  white  quartz  unmixed  with  country 
rock.  Some  of  this  quartz  is  identical  in  appearance  with  that  of  the 
Empire  and  other  veins  of  Marysville;  that  is,  it  is  of  lamellar  habit 
and  shows  irregular  pyramidal  hollows  lined  with  small  glassy  quartz 
crystals.  Such  ore  is  of  low  grade,  canying  $4  to  $5  a  ton  in  gold. 
The  former  owner  took  out  only  a  rich  streak  along  the  hanging  wall. 

KTT  CABSOV  KZHB. 

The  Kit  Carson  mine  is  situated  on  Lowland  Creek  near  the  stamp 
mill  of  the  Ruby  mine.  The  production  is  said  to  have  been  $100,000 
in  gold  and  silver.  The  property  has  in  recent  years  been  worked  by 
lessees,  but  was  idle  diu*ing  1911. 

The  main  development  is  a  drift  tunnel  entering  the  hill  from  the 
level  of  the  stream  bed.  It  is  approximately  325  feet  long  and  trends 
N.  10®  E.  The  country  rock  is  porphyritic  dacite.  At  the  face  of 
the  tunnel  is  seen  5  feet  of  highly  brecciated  porphyry,  in  which  the 
fragments  are  irregularly  traversed  by  chalcedonic  and  porcelainoid 
veinlets.  The  west  wall  (footwall  ?)  is  marked  by  a  zone  of  soft,  white 
clay.  Locally,  as  shown  along  the  tunnel,  the  hanging  wall  seems  to 
have  been  determined  by  a  platy  structure  parallel  to  the  flow  banding 
of  the  dacite. 

Material  on  the  dump  shows  that  the  dacite  was  netted  with  vein- 
lets  of  silica  carrying  pyrite.  Drusy  crystalline,  chalcedonic,  and 
porcelainoid  varieties  of  silica  are  intimately  associated  together. 
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The  feldspars  of  the  dacite  have  been  altered  to  chalky  spots,  in 
appearance  strongly  suggestive  of  kaolin  but  which  prove  under  the 
microscope  to  be  cryptocrystalline  aggregates  of  sericite.  The  quarts 
veinlets  when  examined  microscopically  are  found  to  contain  minute 
crystals  of  adularia. 

MXMFKXS  PK08PS0T. 

The  Memphis  prospect  is  on  Lowland  Creek,  half  a  mile  upstream 
from  the  stamp  mill  of  the  Ruby  mine.  The  geologic  features  are 
similar  to  those  of  the  Kit  Carson  mine.  The  dacite  is  cut  by  irreg- 
ular veinlets  of  cryptocrystalline  silica,  carrying  a  little  pyrite  in 
cubes  and  pentagonal  dodecahedrons.  In  addition  to  the  dark  gray- 
blue  quartz  the  porcelainic  variety  is  common. 

BLKHOBN  DISTRICT. 
LOCATION   AND   HISTORY. 

The  Elkhom  district  forms  the  southeast  comer  of  the  region 
considered  in  this  report.  The  economic  importance  of  this  area 
has  depended  almost  wholly  on  the  Elkhom  mine,  around  which 
grew  the  town  of  Elkhom. 

The  town  of  Elkhom,  situated  at  an  altitude  of  6,500  feet,  lies  12 
miles  northeast  of  Boulder,  which  is  on  the  Butte  branch  of  the 
Great  Northern  Railway.  It  is  connected  with  Boulder  by  a  branch 
line  operated  by  the  Northern  Pacific  Railway,  which  runs  three 
trains  a  week. 

The  district  was  prospecteil  before  1870  but  did  not  attain  promi- 
nence until  after  the  discovery  of  the  Ilolter  lode  in  1875,  on  which 
was  founded  the  great  mine  subsequently  known  as  the  Elkhom 
mine.  This  property  was  worked  nearly  continuously  until  1000, 
when  it  was  regarded  as  worked  out  and  sold  for  a  small  sum,  prac- 
tically for  the  value  of  the  machinery  and  equipment.  The  new 
owners  commenced  to  rework  the  old  dumps  and  to  reopen  the  mine 
in  1901;  since  1906  the  mine  has  again  been  in  continuous  operation. 

STRATIGRAPHIC   GEOLOGY. 

Elkhom  lies  on  the  eastern  margin  of  the  Boulder  batholith.  The 
geology  here  is  far  more  complex  than  at  any  other  district  in  the 
region,  owing  to  the  number  of  sedimentary  fomuitions  and  to  the 
abundance  and  variety  of  igneous  intrusions.  The  details,  however, 
have  been  ably  worked  out  by  Weed  and  must  be  sought  in  his  report 
on  the  district.*  The  puq)ose  of  the  present  report  is  to  show  the 
relation  of  the  ore  deposits  at  Elkhorn  to  the  mineralization  of  the 
province  as  a  whole. 

1  Weed,  W.  U.,  Geology  and  ore  deposits  of  the  Elkhorn  mining  district,  Jefferson  County,  Mont.,  with 
an  appendix  on  the  microsoopical  petrography  of  the  district  by  Joseph  Bsrrell:  Twenty-second  Am. 
Kept.  U.  8.  Geol.  Survey,  pt.  2, 1901,  pp.  3W-649. 
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The  sedimentary  rocks  comprise  mainly  a  series  of  Paleozoic  lime- 
stones, shales,  and  quartzites,  overlain  in  angular  accordance  by  a 
series  of  Mesozoic  sandstones,  shales,  and  impure  limestones,  all 
highly  altered  by  contact  metamorphism.  Overlying  the  Mesozoic 
rocks  are  a  bedded  series  of  ande^itic  breccias,  tuffs,  and  lavas,  which 
make  up  the  summits  of  Elkliorn  and  Crow  peaks,  the  culminatinj^ 
points  of  the  district. 

The  oldest  rock  of  the  district  is  the  metamori)hosed  shale  to  which 
Weed  has  applied  the  name  Turnley  hornstone.  This  is  regarded 
as  the  local  mctamorphic  equivalent  of  the  Spokane  shale  of  Algon- 
kian  age.  The  lowest  formation  of  the  Paleozoic  is  a  white  quartzite, 
125  feet  thick,  which  is  correlated  with  the  Flathead  quart zite  of 
Middle  Cambrian  age.  Above  tliis  formation  is  a  succ(»ssion  of  lirnc*- 
stoncs  and  shales,  ranging  in  age  from  Cambrian  to  Carboniferous, 
to  wliich  various  local  names  liave  been  apphed  by  Weed.  Above 
these  rests  the  Madison  limestone  of  lower  Carboniferous  age,  a 
massive-bedded  white  limestone  aggregating  1 ,900  feet  in  thickness. 
At  Elkhom  it  is  coarsely  crystalline,  owing  to  the  thermal  metamor- 
phism exerted  by  the  various  igneous  intrusions.  The  Quadrant 
quartzite  (of  probable  Pennsylvanian  age)  overlies  the  Madison  and 
consists  of  quartzites  and  lime-silicate  homstcmes  totalling  382  feet 
in  thickness. 

The  Mesozoic  rocks  overlie  the  Paleozoic,  as  already  stated,  in 
angular  accordance.  They  are  best  exposed  on  the  southwest  spur 
of  Crow  Peak,  whence  thev  were  terme<l  bv  Weed  '  the  Crow  Ridge 
series  and  were  regarded  as  in  chiding  rocks  of  Jurassic  and  Creta- 
ceous age,  with  which  Stone  agrees.'  Weed's  measured  section 
shows  a  thickness  of  1.6S0  foet  between  the  underlying  Quadrant 
quartzite  and  the  overlying  andesites. 

The  andesitic  rocks  at  Elkhorn  Peak  are  ])re(loniinantly  tuffs  and 
breccias.  The  breccia  bed  at  the  basc^  of  the  series  contains  anguhir 
blocks  up  to  a  foot  in  length.  AcccH'ding  to  Wec^d,''  the  andesitic 
lava  flows,  with  tuffs  and  bn^ccias  at  tlic  bottom.  He  on  an  erosio!i 
surface  and  terminatt*  the  scries  of  ^^esozoi('  sediments  on  (^row 
Ridge.  At  the  point  wIkmc  the  section  was  measured  the  actual 
contact,  liowever,  is  liidden  bv  tahis,  so  that  tlie  existence  of  an 
erosion  surface  and  its  position  in  tlie  st rat igniphic  (•(►hinm  ai'e 
matters  of  infei(»nc(»  jind  not  «>r  observational  fact.  Ceitain  it  is. 
however,  that  iho  andesitic  breccias  and  tulTs  rest  in  an^ndar  accord- 
ance on  the  sedimentary  locks  below  llieni.  It  i>  probable  that  her(». 
as  elsewhere  in  the  re^nou  the  andesil(»s  were  folded  at  the  sanu^  tinl(^ 
as  the  underlving  sediment  a rv  locks. 


'Twenty-second  Ann.  Rept.  r.  <  «,••(. i  sm\<v.  pi.  j.  vm.  p.  4-i(». 

>Stane,  R.  W.,  Geologic  rel  ition  <>;  „r«'  «loi»o<it^  in  tht.;  Klklioni  Mountains,  Mont.:   Dull.  U.  8.  Geol. 
Bur\ty  No.  470, 19n,  p.  .S2. 
•Op.  cit.,p.  441. 

70935**— Bull.  527     i:i  — 9 
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Conspicuous  features  of  the  geolojijy  of  Elkhom  are  the  marble 
cliffs  on  the  western  flank  of  Elkhom  Peak.  They  are  masses  of 
coarsely  crystalline  marble  intercalated  in  the  andesites  and  form 
bold  cliffs  of  brilliant  whiteness  at  the  head  of  Elkhom  Gulch.  Weed* 
says:  ** These  inclusions  are  clearly  blocks  torn  off  from  the  under- 
lying Madison  limestone  and  homo  into  their  prraent  position  by  the 
force  of  the  ascending  majrnia.^'  As  the  inclusicms  are  not  fossilifer- 
ous  the  reference  to  the  Madison  limestone  was  probably  based  on 
lithologic  similarity.  Two  marble  masses  are  known,  the  larger  of 
which  is  125  feet  thick  and  3,000  feet  long.  Wlien  this  immense 
size  is  considered,  together  with  the  facts  that  the  andesites  below 
the  limestone  are  predominantly  tufl*s  and  breccias  and  tliat  the 
limestone  is  at  least  1,000  feet  hypsometrically  above  the  nearest 
outcrop  of  the  Madison  limestone,  this  explanaticm  seems  inhe- 
rently improbable.  An  alternative  explanation,  involving  less 
catastrophic  processes,  is  suggested  by  the  fact  that  fossiliferous 
fresh-water  limestone  was  found  interstratified  with  the  andesites 
southwest  of  Elliston.  It  therefore  seemed  probable  that  the  sup- 
posed inclusions  at  lilkhorn  were  merely  highly  metamorphosed 
lenses  of  limestone  interstratified  with  the  andesitic  series.  To  test 
this  hyi)othesis-  the  upper  and  lower  contacts  of  the  marble  masses 
were  carefully  examined.  The  larger  marble  stratum  was  found  to 
be  overlain  by  a  heavy  stratum  of  coai-se  andesitic  breccia  and  to  be 
underlain  by  a  thin  bed  of  what  appeared  to  be  a  banded  tuff  approx- 
imately 2i  feet  thick.  All  the  rocks  are  obviously  highly  metamor- 
phosed owing  to  the  proximity  of  quartz  nionzonite  and  aplite  intru- 
sions. The  rock  beneath  the  limestone  is  found  in  thin  section  to  be 
comi>osed  of  andalusite,  biotite,  plagioclase,  orthodase,  and  quartz. 
The  texture  is  typical  of  hornfels,  and  the  andalusite,  which  consti- 
tutes 2')  per  cent  of  the  rock,  is  developed  in  large  irregular  prismatic 
individuals  of  sp<mgiform  or  poikilitic  habit.  Certain  of  the  larger 
plagioclase  particles  appear  to  he  of  fragmental  origin.  The  abun- 
dance of  andalusite  seems  to  hear  directly  on  the  point  at  issue:  it 
proves  that  the  material  directly  below  the  limestone  mass  was  highly 
aluminous  and  indicates  that  it  wjis  probably  an  argillaceous  tuff. 

Certain  small  masses  of  limostono  intercalated  in  the  an<lesitic 
series  afford  even  stronger  evidence  that  they  are  merely  interstrati- 
fied lenses  in  the  andesitic  series.  Some  are  underlain  bv  undoubted 
tuff,  which  is  found  to  consist  under  the  microscope  of  irregidar 
nngular  j)articles  of  plagioclase  and  fragments  of  various  poiphyritic 
nndtvsites  embedded  in  an  extremely  fine  grained  matrix.  At  the 
altitude  of  8,750  feet,  near  the  head  of  P^lkhorn  Gulch,  a  band  of 
finely  crv.^talline  limestone  S  feet  thick  rests  on  a  stratum  of  coarse 
breccia  20  feet  thick.     It  is  to  be  noted  that  if  the  limestone  masses 


1  Op.  cit.,  p.  449. 
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were  floated  up  by  the  magma  they  would  be  underlain  by  massive 
andesite,  which  would  in  all  probability  show  some  small  intrusive 
tongues  extending  into  the  limestone. 

INTRUSIVE    IGXEOUS   ROCKS. 

The  intrusive  igneous  rocks  include  a  series  of  granular  rocks  and 
]K)r]>hyries  that  were  injected  prior  to  the  invasion  of  the  region 
by  the  quartz  monzonite  of  the  Boulder  batholith.  They  include 
the  gabbro  of  Black  Butte  (which  is  of  interest  because  Weed  sees  in 
it  the  source  of  the  metals  in  the  Elkhorn  deposit),  diorite,  diorite 
l)orj)hyrv,  and  quartz  diorite  porj)hyry.  AH  are  distinct  and  easily 
recognizable  rocks.  They  were  followed  by  the  granite  or  quartz 
monzonite,  which  is  reniarkaf)ly  similar  in  appearance  and  com- 
position to  the  rock  at  Butte  on  tlie  western  margin  of  the  batholith. 
Succeeding  this  came  extensive  injections  of  aplite. 

CONTACT    METAMORPHISM. 

The  intensity  of  contact  metamorphlsm  and  the  variety  of  minerals 
])roduced  have  been  greater  at  Elkhorn  than  at  any  other  locality 
in  the  region.  Moreover,  the  phenomena  are  of  such  a  character 
lus  to  appeal  to  the  eye,  and  the  mineralogic  changes  that  have  ensued 
<hiring  metamorphism  can  be  determined,  in  part,  at  least,  without 
recourse  to  microscopic  analj^is.  In  this  respect  the  district  pre- 
sents a  strong  contrast  to  the  Marysville  district,  where  the  meta- 
morphosed rocks  consist  predominantly  of  hornstones  of  aphanitic 
texture  and  of  correspondingly  obscure  character  to  the  eye. 

The  scapolitic  and  andraditic  metamorphism  of  the  calcareous  ( i) 
andesite  breccia  above  the  marble  stratum  on  Elkhorn  Peak,  tlie 
andalusite  hornfels  below  it,  ami  the  rccrystallization  of  the  andes- 
ites  have  already  been  described  (pp.  27-28). 

Barrell  concluded,  as  a  result  of  his  study  at  Elkhorn,  that  "even 
under  the  most  intense  mctamorpliism  the  carbonic  acid  is  not 
expelled  from  tlie  limestone  except  by  the  presence  of  silica  and  the 
otlier  impurities  which  accompany  it."  ^  It  was  shown  mathematically 
that  (hiring  metamorj^hism  a  notable  reduction  in  volume,  or  increase 
in  porosity,  must  result.  For  the  Dolcoath  stratum  a  shrinkage  of 
f)()  per  cent  was  computed.  But  tliese  mathematical  results  were 
unsupported  by  ch(»niical  analyses  and  the  computations  were  bastui 
on  the  unverified  assumj)tion  that  the  garnet  produced  during  meta- 
morphism is  invariably  a  ])ure  grossularite.  Iron-bearing  garnets, 
however,  seem,  according  to  the  present  liasty  investigation,  to  be 
the  prevalent  variety  at  Elkhorn.  Some  are  certainly  an(lradit(\ 
especially  those  occurring  in  the  contact-metamorj)hic  ore  deposits. 
but  others  are  probably  intermediate  varieties. 

t  Twenty-«)ecoD<l  Ann.  Kept.  U.  S.  Geol.  Qximj,  pt.  2, 1901,  p.  M0. 
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The  following  analyses  made  for  Weed  in  1906  *  show  the  actual 
chemical  composition  of  garnetized  limestone  occurring  2,300  feet 
north  of  Black  Butte  at  Elkhom.  No.  135  (analysis  I)  is  the  analysis 
of  a  rock  composed  of  a  closely  packed  assemblage  of  subhedral 
brown  garnet  grains,  intersj)ersed  with  sporadic  patches  of  calcite 
containing  cuhedral  garnets.  Under  the  microscope  the  rock  is 
foi'nd  to  consist  predominantly  of  brown  garnet.  Zonal  structure 
uihI  o])tical  anomalies  are  common  in  the  garnet,  and  a  dodecahedral 
parting  is  well  developed.  The  cores  of  many  of  the  garnets  have 
jv|)parcntly  shrunk  slightly  away  from  the  j)eriphenvl  zones.  By  the 
immersion  method  the  refractive  index  is  found  to  exceed  consid- 
cral)l\^  1.79  (that  of  grossularite  is  1.744  and  andradite  1.85).  Calcite, 
(juartz,  chlorite,  and  amphibole  occur  interstitially.  No.  147  (analy- 
sis (r)  is  the  analysis  of  a  garnet  rock  of  dense  massive  texture. 
Mi<  roscoj)ically  the  rock  proves  to  consist  largely  of  garnet  poikili- 
tically  inclosing  dioj)si(lc,  calcite,  feldspar,  titanite,  and  apatite. 

Anuhf^f's  oj  (/(imrl  rwk.  Ell'horn,  Mont.^ 
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The  approximate  niiiKTal  composition,  calculated  from  the  chem- 
ical analysis  in  accorchmce  with  niirrosc()])ic  diaj^nosis,  is  as 
follows : 
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These  analyses  and  computations  show  clearly  enough  the  con- 
siderable range  in  composition  of  the  garnet  rocks  produced  during 
ni(»tnniorphism;  nevertheless,  in  the  two  rocks  under  <lis(;ussiou, 
there  are  no  macroscopic  features  that  would  serve  to  distinguish 
surely  the  iron-rich  from  the  lime-rich  garnet  rock. 

ORE   DEPOSITS. 

A  wide  variety  of  ore  deposits  is  found  within  the  small  area  of  the 
Elkhorn  district.  Several  genetically  distinct  types  are  included: 
The  magmatic  sulphide  ore  body  at  the  Golden  Curry  mine,  the 
auriferous  contact-metamorpbic  lode  at  the  Dolcoath  min<»,  the  con- 
tact-met amorphic  l)odies  of  magnetite  ore  the  tourmaline-bearing 
galena-quartz  ore  at  the  Queen  mine,  and  the  lead-silver  replacemcMit 
deposit  at  the  Elkhorn  mine. 

The  great  ore  body  of  t\\o  Elkhorn  mine  has  overshadowtnl  all 
others  in  economic  importance,  and  \A'eed's  rej)ort  on  the  district  is, 
as  he  himself  states,  (essentially  a  report  on  the  FJlkhorn  mine.  From 
the  present  writer's  point  of  view,  however,  other  of  the  deposits  are 
also  of  much  interest. 

The  magmatic  sidphide  body,  the  details  of  which  are  given  under 
the  description  of  the  Golden  Curry  mine,  is  an  ore  mass  consisting  of 
a  mixture  of  pyrrhotite  and  chalcopjTite  intergrown  with  augite. 
Surrounding  the  sulphide  body  and  grading  into  it  is  a  zone  of  dark 
heavy  rock  of  fresh  appearance  and  of  even-grained  granitic  texture, 
which  proves  on  microscopic  examination  to  be  a  pyrrhotitic  augite 
diorite.  This  rock  in  turn  grades  laterally  outward  into  quartz 
monzonite,  composed  of  plagioclase,  orthoclase,  quartz,  biotite,  and 
hornblende,  which  is  the  normal  country  rock.  The  sulphide  miLss 
has  yielded  2,000  tons  of  ore,  carrying  $4  in  gold,  35  per  cent  excess 
iron,  and  2  per  cent  coppc^r. 

The  ore  body  at  the  Dolcoath  mine  is  a  stratum  12  to  is  inches 
thick,  composed  (essentially  of  garnet  (andradite),  diopsi(l(e,  calcite, 
and  epidote.  The  n  ck  is  commonly  of  dense  massive  texture,  but  in 
proportion  as  the  amount  of  calcite  increas(»s,  the  ganK^t  and  epidote 
show  more  complete  crvstallographic  (level()])mcnt.  Sulphidt*  and 
t(»lluride  of  bismuth,  carrying  gold,  togetlu^r  with  chalcopyrite,  con- 
stitute the  ore  minerals  niid  occur  in  small  amount,  intergrown  both 
with  the  silicates  and  the  caicit(\  Thai  the  garn(»tization  and  the 
recrvstallization  of  tiic  calcite  took  place  nearlv  simultaneously  is 
proved  by  the  fact  that  perfcH't  crystals  of  ganu^t  occur  com|)let<'ly 
isolat<»d  in  the  midst  of  large  crystalline  patches  of  calcite. 

According  to  Weed,  the  Dolcoath  ore  stratum  is  (composed  of  nearly 
e([ual  parts  of  diopsich^  and  grossularite  with  calcite.  The  garnet, 
however,  according  to  the  pn^sent  examination,  is  not  gnjssularite 
but  is  an  andraditic  yariety.     Weed,  following  Barrell,  has  sugg(»st(»d 
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that  the  Dolcoath  ore  stratum  represents  a  bed  of  limestone  rendered 
])or()us  by  contact  metamorphism  and  subsequently  impregnated  by 
metalliferous  solutions,*  which  also  brought  in  the  calcite.  This  is 
an  exceedingly  plausible  a  priori  conception,  but  the  field  evidence, 
as  shown  by  the  simultaneous  cr}'stallization  of  the  garnet  and  the 
calcite,  does  not  support  it.  Furthermore,  if  the  garnet  is  largely 
andradite  instead  of  grossularite,  the  accuracy  of  the  mathematics 
employed  in  calculating  the  hypothetical  porosity  produced  during 
contact  metamorphism  is  seriously  impaired. 

On  the  north  side  of  Elkhom  Peak  occur  bodies  of  iron  ore  near  the 
contact  of  the  large  limestone  stratuni  and  the  underlying  andesito. 
The  iron  ore  consists  principally  of  magnetite  associated  with  nndra- 
dite.  It  has  been  mined  to  some  extent  for  a  flux.  The  magnetite  is 
mainly  intergrown  with  the  garnet  but  is  also  present  as  thin  strings 
and  quartz-magnetite  veinlets  traversing  the  garnet  rock.  The  garnet, 
as  determined  by  the  immersion  method,  has  a  refractive  index  con- 
siderably higher  than  1.79,  indicating  its  andraditic  character, 
Ijocally  axinite  is  found  in  coarse-bladed  masses,  some  as  large  as  a 
fist ;  some  of  it  incloses  euhedral  crj'stals  of  garnet.  Other  minerals 
occurring  in  the  ore  bodies  in  lesser  amounts  are  specular  hematite, 
pyrite,  chalcopyrito,  and  epidote.  The  deposits  are  extensively  oxi- 
dized, and  much  soft  iron  oxide,  in  part  derived  from  the  andradite,  is 
present,  obscuring  the  geologic  relations.  The  ore  bodies  are  doubt- 
less largely  replacements  of  the  limestone,  but  it  is  not  improbable 
that  the  imderlying  andesite  is  also  considerably  garnetized  or  other- 
wise metamorphosed  in  a  manner  similar  to  that  of  the  andesite 
breccia  overKnng  the  great  limestone  stratum  of  Elkhorn  Peak. 

The  ore  body  at  the  Queen  mine  is  the  only  representative  of  the 
tourmalinic  class  of  deposits  in  the  Elkhorn  area.  It  is  an  argentifer- 
ous galena-quartz  ore  carrying  tounnaline.  Arscnopyritc,  which  is 
a  constant  associate  of  tounnaline  the  world  over,  occurs  in  this 
deposit  but  is  found  nowhere  else  in  the  Elkhorn  area. 

The  premier  ore  deposit  of  the  district  has  been  that  of  the  Elkhorn 
mine.  By  1900  it  had  produced  S,902,()(M)  ounces  of  silver,  S,500 
ounces  of  gold,  and  4,000,000  pounds  of  lead.  The  ore  body  consists 
ess(»ntially  of  argentiferous  lead  ore  replacing  dolomite  beneath  the 
arches  of  a  hanging  wall  of  hornstone.  In  conij)arison  with  tlie  other 
ore  bodies,  one  of  the  most  interesting:  f(^atun»s  of  the  Klkliorn  dej)osit 
is  (he  complete  al)s(»nce  of  nietas(uuatic  gan<]:ue  niineials.  'i'he  other 
<l(»|)()sits  of  the  district  show  such  characteristic  minerals  as  andradite, 
diopside.  epidote,  axinite,  and  tourmaline  all  indicrative  of  high- 
temperature  origin  but  this,  th(»  largest  and  most  jmiductive  ore 
bodv  of  the  Elkhorn  district,  is  devoid  of  anv  evidence  that  it  was 
foiiiicd  under  conditions  of  high  temperature. 

>  Twenty-second  Ann.  Jtept.  I'.  S.  Hool.  Survey,  pt.  2,  \\nn,  p.  4'.s. 
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DESCRIPTIONS   OF   MINES. 
ELKHORH  MIVS. 

The  Elkhom  mine  is  opened  by  an  incline  2,300  feet  long,  attaining 
a  vertical  depth  of  1,439  feet.  During  1911  work  was  in  progress  on 
a  large  number  of  levels,  from  those  near  the  surfac  down  to  the 
2,300-foot  level.  About  175  m(»n  were  on  the  pay  roll,  but  a  large 
mmiber  of  these  were  engaged  in  surface  work.  All  ore  from  the 
mine  is  washed  and  sorted  into  milling,  shipping,  and  waste  rock. 
The  old  dumps  are  being  reworked  and  yield  5  per  cent  of  their  content 
in  milling  and  shipping  ore. 

The  geologic  features  of  tlie  Elkhorn  mine  have  been  described  in 
detail  by  Weed,  so  that  a  hr'wf  outline  is  all  that  is  necessary  here. 
According  to  \\eed:* 

The  ore  deposit  does  not  constitute  a  true  vein,  though  commonly  spoken  of  as  a 
vein  or  lode.  The  ore  ocmrs  in  two  princit)al  shoots  lying  on  the  under  fdde  of  folds — 
i.  e.,  in  the  saddle  of  the  foldn  -  an<l  conforming  to  the  dip  of  the  stratified  beds  in 
which  they  occur.  These  ore  bodies  are  found  along  a  bedding  plane  between  indurated 
shale  (homstone)  and  dolomitic  marble.  This  contact  plane  was  followed  in  mining 
and  has  commonly  been  spoken  of  as  the  lode.  Although  there  has  been  some  slipping 
an<l  movement  along  this  plane,  the  contact  is  not  mineralized,  nor  does  it  show  any 
vein  quartz  or  other  lode  material  except  in  the  steeply  pitching  arches  underneath 
which  the  ore  bodies  occur.  The  ore  deposits  consist  of  more  or  less  irregular  IxKlies  of 
rudely  lenticular  cross  section  lying  against  the  hanging-wall  homstone.  and  as  isolated 
masses  forming  so-called  "chamber"  deposits  in  the  underlying  dolomite. 

The  hanging-wall  ore  bodies  consist  of  solid  quartz  ^  carrying  galena, 
tetrahedrite,  pyrite,  and  l)lende:  the  footwall  bodies  consist  mainly 
of  replacement  masses  of  galena,  sphalerite  and  pyrite  in  the  dolo- 
mite beneath  the  Jianging-wull  hornstone. 

At  the  time  of  Weed's  examination  the  ore  deposit  was  su])po.sed 
to  have  a  definite  footwall — a  thin  stratum  of  argillaceous  limestone 
occurring  about  35  to  rA)  f(»t»t  from  the  hanging  wall,  as  nu^isured 
along  crosscuts  into  the  footwall  country.  This  is  now  known  as  the 
**40-foot  contact. ''  It  is  ])articiihirly  well  shown  on  the  350-foot 
level  south;  where  unsheared,  it  consists  of  a  somewhat  argillaceous 
stratum  averaging  3  inches  ui  thickness.  It  swells  and  constricts 
and  has  evidentlv  been  a  locus  of  movement.  The  dolomite  above 
and  that  below  this  stratum  seem  to  be  alike.  The  new  owners  of 
the  Elkliorn  mine,  who  acquired  the  ])ro])(Mty  in  ISOU  after  it  had  been 
regarded  as  worked  out,  have  explored  the  footwall  country  below 
the  40-foot  contact  an<l  have  discovered  other  ore  bodies.  They 
have  found  two  other  '( ontacts/'  known  as  the  SO-foot  and  lOO-foot 
contacts.  In  oth(M*  words,  the  thickness  of  th(»  ore-bearing  zone 
has  been  found  to  be  1()0  feet  instead  of  40  feet  (or  SO  and  20  feet,  if 


» Twenty-second  Ann.  Kept.  r.  s.  rjooi.  Sur\ey.  pt.  2.  1W)1.  pp.  470  471. 

*AraKonite  In  fibrous  appn'^.ile*-  oxer  mi  in<l»  lon«  was  noleil  (an'l  verified  cliemlniUy;  by  the  writer  U) 
beintorgrown  with  quartz  Iroin  the  i.7'H>-Ioot  level. 
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measured  normal  to  the  (lip  of  the  stratification).  The  80-foot 
oontaet  is  apparently  a  stratification  plane  and  is  not  particularly 
well  marked.  The  dolomite  shows  no  recognizable  change  above  or 
below  this  plane.  The  160-foot  contact  is  even  more  feebly  marked 
than  the  80-foot  contact. 

The  ore  masses,  which  after  extraction  are  represented  by  extremely 
irregular  caverns  and  crooked  pipes,  are  known  a.s  first,  second,  or 
third  contact  bodies,  according  to  the  contact  on  which  they  were 
discovered.  Manv  of  them  extend  bv  exceedinglv  devious  courses 
back  to  the  hanging-wall  homstone,  or  slate,  as  it  is  known  locally. 
Great  ore  masses  have  been  foun<l  whose  major  dimensions  cut 
across  the  bedding  of  the  dolomite.  In  this  respect  the  Elkhorn 
<leposit  dej)ai1s  strongly  from  the  saddle-reef  type  of  ore  body,  with 
which  Weed  has  identified  it,  but  in  the  broader  feature-  -the  local- 
ization of  the  ore  shoots  beneath  anticlinal  arches,  so  cl<»arly  shown 
on  Plate  LVII  of  Weed's  report — it  is  in  striking  accord  with  the 
saddle-reef  tvpe. 

GOLDEH  CURRY  MIHE. 
GENERAL  FE.\TURES. 

The  Golden  Curry,  or  Jacquemin  mine,  as  it  is  shown  on  the  Elk- 
honi  map,*  is  located  near  the  intrusive  contact  of  the  quartz  mon- 
zonite  and  a  series  of  thin-bedded  limestones,  to  which  Weed  gave 
the  name  Starmount  limestone.  The  limestones  liave  been  liighly 
metamorphosed  into  various  lime  silicates,  forming  dark-colored 
banded  hornstones  of  dense  texture.  Locally  heavy  garnet  rocks 
have  been  produced  and  in  places  the  garnet  (probably  andradite) 
is  coai-sely  crystalline,  especially  near  calcite  patches;  where  the 
calcite  has  been  partly  leached  out  by  weathering  a  porous  rock  is 
])roduced,  showing  druses  lined  with  crystalline  garnet.  Some  of 
the  garnet  rock  contains  a  little  intergrown  chalcoi)vrite  and  is  said 
to  constitute  ore.  Above  the  main  ])it  of  the  mine  are  found  con- 
siderable amounts  of  a  somewhat  notable  rock  composed  of  garnet 
and  o])al.  Some  of  it  consists  of  garnets  set  in  a  matrix  of  con- 
choidally  fracturing  opal  of  light-yellowish  co\ov.  Under  the  micro- 
scoi)e  a  s})ecimen  of  the  garnet-opal  rock  was  found  to  consist  of 
garnet,  (lio})si(lc.  calcite.  opal,  and  <  rv])locrvsialline  silica,  in  part 
s])licruiitic.  The  evidence  seems  to  show  that  the  garnet  had  l)een 
fractiiied,  crushed,  and  recenientcd  hv  <)j)ai  and  (  rv})to('rvslallin(^ 
silica.  It  i<i  to  Ix'  noted  that  thr  (■rv])to(rvstaliin(»  silica  mixed  with 
yellowish  opal  ]>ro<|ii('('>  a  "hoinstonc"  iiidist in^ni<hal)le  hv  the  eye 
from  tli«'  ■lioiMi^loiie"  due  to  a  inixturi^  «)!'  rout  act-met  amoiphic 
j-ilicatrs. 

The  main  workings  of  tlio  mine  (•on>i^l  of  a  lnv^^o  ()])en  ])it  from 
which  >omc  .")(). oon  tc)ns  of  iron  ore  hav<»  been  mined,  inainlv  as  a 
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flux  for  the  smelters.  The  ore  averaged  40  ])er  cent  iron  and  carried 
from  $4  to  $5  a  ton  in  gold.  The  pit  is  located  at  the  immediate  con- 
tact of  the  metamorphic  rocks  and  the  granite,  and  at  Hi'st  inspection 
il  nlight  appear  that  this  deposit  of  iron  ore  was  of  the  same  ty])e 
as  those  so  common  at  many  granite  and  limestone  contacts  in 
the  We^stern  States,  namely,  a  deposit  of  magnetic  iron  ore  developed 
in  the  limestone  during  contact  metamorphism.  In  this  de|)Osit, 
however,  the  magnetite  does  not  occur  intergrown  with  the  contact- 
metamorphic  silicates  hut  forms  veins  in  the  gninit<»  itself,  some  of  the 
veins  attaining  a  thickness  of  :i  feet.  In  some  of  the  underground 
workings  beneath  the  main  pit,  namely  in  tunnel  No.  1,  there  are 
found  some  lodes  of  heavy  red  jasper-like  material  which  clu»mical 
analysis  shows  to  be  a  hydrous  ferric  silicate. 

Partial  analysis  of  iron  ore  from  the  Golden  Curry  mint\  Sf)n/(iuii. 

[J.  r,.  FairohiM,  annh-st.) 

FeA •'>9  *-':^ 

SiOa 3i:J7 

H2O  (loM  on  ignition) 8.  40 

99.30 

This  material  is  also  mined  as  iron  ore.  It  contains  considerable 
martite  and  rarely  some  pyrite.  The  analysis  above,  however, 
represents  only  the  homogeneous,  conchoidally  fracturing  porticm. 

In  a  raise  above  this  lower  tunnel  a  large  chamber  of  ore  inclosed 
in  granite  has  been  stoped  out.  This  ore  presents  many  features 
similar  to  the  pyrrhotite  body  about  to  be  described.  It  consists 
of  pyrrhotite,  magnetite,  and  subordinate  chalcopyrite  intergrown 
with  brown-green  augite.  In  places  pyrrhotite  ])redominates,  in 
others  magnetite  predominates,  and  locally  they  are  commingled  in 
equal  proportions.  This  bo<iy  of  ore  is  l)ounde<i  on  one  side  by  a 
thick  zone  of  gouge,  along  which  occurs  iron-bearing  jasperoid 
similar  to  that  of  which  \\w  analvsis  has  becMi  given. 

These  iron  deposits  are  unconnected  with  the  body  of  snlphide  ore 
described  below.  Tin*  (i'»l(len  Currv  uuuo  alfords  a  striking  illus- 
tration  of  the  fact  that  the  ore*  at  a  single  mint*  may  be  of  very  diverse 
origin  and  nioch*  of  occurrence*,  at  least  four  kinds  IxMug  recognizable 
at  this  prop(M'ty:  Magniatic,  contact-nietanioi-phic.  magnetite*  veins 
in  granit(\  and  hvdrou^  IVrric  silicate  masses  annarentlv  lornKMl  bv 
downward-movinir  wntei*^  liiat  deiived  their  iron  from  the  oxidation 
of  sulphide  niass(»s. 


TMi:    rYIllJlloTITK    OFtK    \i*\l)Y. 


A  mass  of  sulphide  ore  was  (*ncount(Ted  during  the  underground 
exploration  of  the  mine  JoO  feet  southw<»st  of  the  magnetite  deposits 
found  at  the  contact.  This  body  of  sulphide  wjis  wholly  inclosed  in 
the  granite  and  isolated  from  the  other  ore  deposits.     It  is  elliptical 
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in  sbapei  its  dimensions  being:  I^ength,  100  feet;  maximum  width, 
18  feet;  and  it  has  been  stoped  upward  to  a  height  of  10  or  12  feet. 
From  it  were  extracted  2,000  tons  of  ore  running  $4  in  gold,  35  per 
cent  excess  iron,^  and  2  per  cent  in  copper.  The  ore  consisted  of  a 
mixture  of  pyrrhotite  and  chalcopyrite  in  a  gangue  of  i)yToxene. 
Under  the  microscope  it  is  found  that  the  ore  ia  composed  essen- 
tially of  the  monoclinic  pyroxene  augite  intergrown  with  the  two 
sulphides.  The  augite  is  in  places  intergrown  with  a  small  amount 
of  pleochroic  brown  hornblende  of  the  kind  usually  found  in  deep- 
seated  igneous  rocks.  Other  silicate  minerals  found  more  rarely  are 
biotite,  plagioclase  feldspar,  orthoclase,  and  quartz,  but  these  con- 
stitute an  insignificant  proportion  of  the  whole.  Texturally  the 
augite  forms  an  allotriomorphic  assemblage  of  anhedral  grains. 
The  sulphides,  which  are  mutually  intergrown,  occur  interstitially 
between  the  augite  grains  or  irregularly  intergrown  with  them.  It 
is  a  noteworthy  fact,  however,  that  although  the  augite  is  usually 
anhedral  it  shows,  where  adjoined  or  surrounded  by  sulpiiides,  a 
closer  approximation  to  its  idiomorphic  outlines.  The  contours  are 
as  a  rule  somewhat  rounded  and  smoothed  by  corrosion,  and  the 
sulphides  often  form  distinct  embayments  into  the  augite  which 
resemble  those  so  common  in  the  magmatically  resorbed  quartz 
phenocrysts  of  rhyolitic  rocks.  On  account,  however,  of  the  general 
tendency  of  the  sulphides  and  the  pyroxene  to  be  intergrown  in 
allotriomorphic  fashion,  exactly  as  in  gabbroic  rocks,  the  micro- 
scopical evidence  based  on  the  texture  alone  is  perhaps  not  conclusive 
as  to  the  primary  igneous  origin  of  the  sulphides. 

Surrounding  the  sulphide  mass  and  grading  into  it  Ls  a  body  of 
dark,  heavy  rock  of  fresh  appearance  and  oven-grained  granitic  tex- 
ture. Under  the  microscope  this  rock  is  found  to  consist  of  approxi- 
mately equal  amounts  of  pyrrhotite,  augite,  and  plagioclase  of  the 
composition  Ab^An,,.  The  texture  is  aUotriomorphic  granular  and 
the  rock  may  be  appropriately  termed  a  pyrrliotite-augite  diorite. 
This  rock  is,  however,  somewhat  variable  in  composition,  in  places 
containing  considerable  primary  quartz,  but  tlio  ossrntial  feature  in 
all  places  is  the  dominant  amount  of  augite.  Tlie  rock  grades  later- 
ally outward  from  the  ore  deposit  within  a  distance  of  6  to  12  feet  to 
a  (juartz  monzonite  of  normal  appearance.  Su<*h  rock  1 2  foot  from  the 
oro  Ions  consists  of  a  hypidioniorphio  granular  assonihlago  of  plagio- 
oliiso,  orthoclase  (the  two  feldspars  occurring  in  approximately  equal 
amounts^,  quartz,  hiotito.  and  liornblondo.  A  s])ooinion  taken  50  feet 
from  th(^  j)oriphery  of  tho  oro  Ions  shows  oss(^ntially  tlio  same  features, 
tli(^  only  noticeable  difforoncii  })oing  that  tlio  plagioclase  feldspar  is 
slightly  nioro  calcic. having  tho  composition  t'orresponding  toAbggAn^j. 
A  ch<wnical  analysis  of  th(i  quartz  monzonito  (No.  5,  p.  30)  is  available; 

^  That  Is,  iron  in  exoes  of  silica;  excess  iron  is  the  bai>is  of  the  price  paid  by  the  smelter. 
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the  spocimen  was  taken  1  mile  from  the  contact  at  this  locality^  and  is 
typical  of  the  general  rock  mass  in  which  the  ore  body  is  inclosed. 

To  summarize  briefly,  the  primary  igneous  origin  of  the  sulphides 
is  indicated  by  the  following  facts : 

1 .  All  the  rocks,  including  those  composing  the  ore  body  and  those 
surrounding  it,  show  an  entire  lack  of  hydrothermal  alteration,  such 
as  the  development  of  sericite,  chlorite,  carbonates,  or  other  secondary 
minerals.  They  are  fresh,  unaltered  rocks  in  which  the  ferroniagne- 
sian  minerals  are  notably  lustrous  and  the  feldspars  are  clear  and 
vitreous. 

2.  The  textural  relation  of  the  sulphides  to  the  augite,  as  displayed 
by  the  tendency  of  the  pyroxene  to  show  idiomorjjhic  boundaries 
against  the  sulphides.  This  is  a  feature  not  easily  explainable  other 
tlian  by  the  hypothesis  of  an  igneous  origin. 

3.  The  marked  differentiation  that  has  taken  place  in  the  magma 
concurrently  with  the  segregation  of  the  sulphides.  This  is  expressed 
mineralogicaUy  by  the  decrease  of  orthoclase,  quartz,  and  biotite  and 
the  concurrent  increase  in  ferromagnesian  mineral  as  the  ore  body  is 
approached.  Instead  of  hornblende  or  biotite,  however,  it  is  augite 
that  appears  in  the  ore  body. 

In  conclusion,  the  important  features  of  this  deposit  as  a  membcT 
of  the  class  of  magmatic  ore  bodies  are:  (1)  That  it  has  segregated 
from  a  comparatively  acidic  rock;  other  pyrrhotite-chalcopyrite  bodies 
of  this  type  have  separated  from  magmas  of  gabbroic  composition; 
(2)  its  relatively  high  gold  content,  which  is  unusual,  as  most  magmatic 
ore  bodies  are  poor  in  gold. 

QUEEN  MINE. 

The  Queen  mine  lies  2  miles  south  of  Elkhom.  It  was  worked  to  a 
de]>th  of  500  feet  by  a  shaft  300  feet  deep  and  by  winzes  extending 
200  feet  deeper.  The  property  has  furnished  a  considerable  quantity 
of  ore,  but  no  work  has  been  done  on  it  during  the  last  10  years. 

Tlie  ore  body  is  situated  at  the  contact  of  quartz  diorite  poq^liyry 
and  limestone  and  formed,  as  seen  from  the  surface,  an  elliptical 
chinmey  measuring  ai)pr()ximately  2.5  l)y  50  feet.  Tlie  ore  is  a  coarse 
vitreous  white;  (juartz  of  drusy  and  vu^<i:y  texture.  Galena  is  the 
principal  sulphide  and  is  the  mineral  that  gave  value  to  the  ore.  Other 
sulphides  pr^'sent  are  pyrito  and  black  sphalerite,  but  they  nrv  not 
common.  The  quartz  contains  a  fair  amount  of  black  tournialhie  in 
nests  and  groups  of  delicately  radial  structure.  In  places  the  galena 
is  ])ierced  by  acicular  tourmaUne.  Some  altered  porj^hyry  found 
on  the  dumj)  is  thickly  studded  witli  weU-crystallizenl  arsenopyrite; 
galena  is  locally  intergrown  with  the  arsenopyrite. 

The  ore  of  the  Que(»n  mine  was  a  silver-lead  ore  and  is  stated  to  have 
averaged  from  $10  to  $15  a  ton. 
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OUTLINE  OF  REPORT, 


Lemhi  County,  situated  in  the  east-central  part  of  Idaho,  has  until 
recently  been  difficult  of  access.  With  the  extension  of  the  railroad 
to  Salmon  in  1910,  mining  activity  in  parts  of  the  area  took  on  new 
life. 

Placer  gold  was  discovered  at  Leesburg  in  1866,  and  soon  there- 
after lode  deposits  were  recognized.  Lead-silver  deposits  were 
worked  actively  in  the  eighties,  but  not  until  the  advent  of  the  rail- 
road did  this  industry  reach  its  maximum  importance.  The  total 
production  of  the  coimty  is  about  $20,000,000,  two-thirds  of  which 
has  come  from  gold,  three-fourths  of  the  remainder  from  lead,  about 
$40,000  from  copper,  and  the  rest  from  silver. 

Lemhi  County  is  a  high  mountainous  area  marked  by  broad,  level- 
topped  divides  generally  separating  deep,  narrow  valleys.  Near  the 
dose  of  the  Eocene  epoch  the  area  was  elevated  from  a  lowland  of 
moderate  relief  to  a  plateau  about  8,500  feet  above  the  sea.  Rem- 
nants of  this  surface  constitute  the  summit  areas  of  the  present  day, 
lying  in  large  part  3,000  to  4,000  feet  above  the  adjacent  valleys. 
Glaciers  covered  the  highland  tracts  during  Pleistocene  time  and 
extended  down  the  larger  valleys  to  elevations  of  7,000  feet,  rarely 
to  6,000  feet. 

The  basement  rock  is  a  gncissoid  granite  of  Archean  age  which 
outcrops  in  the  northwestern  part  of  the  area.  Unconformably 
above  it  is  a  thick  and  widespread  series  of  Algonkian  schists,  slates, 
and  quartzites.  These  were  mapped  as  a  single  unit,  but  it  is  thought 
probable  that  they  could  be  subdivided  to  correspond  with  the 
Prichard  slate,  Rovett  quartzite,  and  Wallace  formation  of  the  Coeur 
d'Alene  section.  Formations  of  Paleozoic  age  are  confined  to  the 
southeastern  part  of  the  county.  They  rest  unconformably  upon  the 
Algonkian  and  consist  of  Cambrian  quartzite,  Ordovician,  Silurian  (  ?), 
and  Devonian  dolomitic  limestones,  and  Mississippian  limestone,  in 
all  possibly  G,000  feet  of  beds. 

Next  in  order  of  age  are  large  batholithic  masses  of  granite,  outliers 
of  that  great  intrusive  mass  which  crops  out  continuously  over  more 
than  20,000  square  miles  in  central  Idaho.  Locally  this  intrusion 
corresponds  with  quartz  diorite,  and  more  conamonly  with  quartz 
monzonite,  but  in  most  places  in  Lemhi  County  it  approaches  closely 
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to  the  compositioii  of  normal  granite.  A  study  of  the  physiographic 
history  of  central  and  eastern  Idaho  and  of  the  sedimentary  record 
of  adjacent  areas  leads  to  the  belief  that  the  granite  was  intruded 
at  about  the  close  of  the  Cretaceous  period.  During  Miocene  time 
thick  lacustrine  deposits  accumulated  in  valleys  which  were  devel- 
oped after  the  elevation  of  the  Eocene  erosion  surface. 

Dikes  appear  in  all  parts  of  the  area,  but  are  most  numerous  in 
the  vicinity  of  granite  outcrops.  Tertiary  lavas,  both  older  and 
younger  than  the  lacustrine  deposits,  extend  in  a  broad  belt  from 
a  point  near  Lemhi  Pass  southwestward  beyond  Parker  Mountain. 

The  ore  deposits  of  Lemhi  County  may  be  grouped  as  gold  placers 
and  lodes,  lead-silver  veins  and  tabular  replacements,  copper-bearing 
gold  veins,  cobalt-nickel  deposits,  and  tungsten-bearing  veins.  Two 
epochs  of  mineralization  are  recognized — the  older  late  Cretaceous  or 
early  Eocene,  the  younger  late  Miocene  or  early  Pliocene.  All  the 
deposits,  except  a  small  group  of  gold-silver  veins,  belong  to  the 
earlier  epoch.  Important  placer  deposits  occur  about  Leesburg,  on 
Moose  Creek,  and  along  some  of  the  streams  which  flow  from  the 
Beaverhead  Moimtains.  Lode  deposits,  on  the  other  hand,  are 
widely  distributed  in  the  county,  each  of  the  nineteen  rnining  dis- 
tricts containing  several. 

Gold-bearing  veins  are  inclosed  in  many  types  of  rock  in  Lemhi 
County,  but  few  of  them  are  far  distant  from  rocks  of  the  granite- 
rhyolite  family.  The  gold  veins  are  of  two  distinct  ages.  The 
younger  veins  are  foimd  in  the  Gravel  Range  and  Parker  Mountain 
districts,  where  they  are  inclosed  in  eruptive  rocks,  principally  rhyo- 
lites,  and  in  the  Blackbird  district^  where  they  are  associated  with 
rhyolite  dikes.  In  general  these  veins  are  strong  fissure  fillings 
characterized  by  cryptocrystalline  quartz,  lamellar  calcite,  and  smaU 
amoimts  of  adularia,  chalcedony,  and  opal.  They  present  a  banded 
structure  parallel  to  the  walls.  Metallic  minerals,  nearly  always  of 
microscopic  size,  are  distributed  through  the  ore  in  dark  crimpy 
bands  of  dull  to  submetallic  luster.  Pyrite  is  the  only  metallic  min- 
eral recognized,  but  a  blue-black  fine-grained  mineral  of  metallic 
luster  is  even  more  abundant.  Satisfactory  chemical  analysis  of  this 
material  was  not  possible,  but  the  presence  of  a  strong  trace  of  sele- 
nium was  established.  These  veins  were  promising  near  the  surface 
but  have  not  proved  profitable  in  depth. 

The  most  important  gold  veins  are  of  late  Cretaceous  or  early  Eo- 
cene age  and  are  widely  distributed  in  the  northern,  central,  and 
western  parts  of  the  county.  They  are  predominantly  veins  of  coarse- 
textured,  clear- white  quartz,  along  which  ore  shoots  occur  at  irregular 
intervals.  Auriferous  pyrite  is  the  characteristic  ore  mineral,  but 
with  it  may  be  small  amounts  of  chalcopyrite,  galena,  sphalerite, 
and  in  a  few  places  pyrrhotite  and  magnetite.     Locally  the  metallic 
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minerals  are  present  almost  to  the  exclusion  of  gangue  material,  but 
in  general  metallization  is  moderate.  Few  bonanzas  have  been 
found  in  these  deposits,  although  many  of  the  ores  are  of  substantial 
grade.  The  ore  of  these  veins  has  commonly  become  base  within 
100  feet  of  the  surface  and  at  the  same  time  extraction  by  amalgama- 
tion has  fallen  from  90  per  cent  or  more  to  40  or  50  per  cent.  Con- 
siderable evidence  (see  pp.  62-63)  favors  the  belief  that  these  veins 
are  genetically  related  to  the  great  granitic  intrusion. 

Lead-silver  deposits  are  recognized  only  in  the  southeastern  part 
of  the  county.  They  are  inclosed  in  Paleozoic  formations  and  are 
thought  to  be  genetically  related  to  the  quartz  diorite  facies  of  the 
granite  intrusion.  The  deposits  are  irregular  tabular  bodies  with 
extensions  along  bedding  and^joint  planes.  At  the  Leadville  mine 
the  ore  is  argentiferous  galena  remarkably  free  from  gangue;  else- 
where it  is  a  mass  of  earthy  lead  carbonate  heavily  stained  with  iron 
and  manganese.  Probably  80  per  cent  of  the  lead  ore  mined  in 
Lemhi  County  is  the  product  of  the  oxidation  and  carbonation  of 
galena,  pyrite,  and  zinc  blende.  The  ore  is  remarkable  for  its  even 
tenor,  averaging  about  35  per  cent  of  lead  and  15  ounces  of  silver  to 
the  ton.  The  deposits  are  large  and  show  every  evidence  of  continu- 
ity. Li  most  of  the  mines  about  200  feet  of  oxidized  ore  remains 
between  the  deepest  workings  and  the  water  level,  below  which  primary 
ore  may  be  expected.  It  is  a  matter  of  considerable  importance  to 
know  in  what  respects  the  primary  ore  wiU  diflFer  from  that  now  being 
mined.  Studies  of  the  volume  changes  involved  in  the  oxidation  and 
carbonation  of  galena,  sphalerite,  and  pyrite  lead  to  the  conclusion 
that  leaching  has  been  important  in  the  oxidized  zone.  From  a  con- 
sideration of  the  relative  solubility  of  the  oxidation  products  it 
appears  that  lead  has  remained  essentially  stable,  that  iron  has  proba- 
bly been  removed  somewhat,  and  that  zinc  has  been  removed  in  con- 
siderable quantities.  It  follows,  therefore,  that  below  the  zone  of 
oxidation  lead  will  decrease  appreciably  in  amount  per  ton  of  ore, 
iron  will  increase  somewhat,  and  zinc  will  probably  increase  consid- 
erably. 

The  copper  deposits  of  the  county  have  not  proved  of  great  com- 
mercial importance.  They  include  fissure  veins,  impregnations  along 
shear  zones  in  schist,  and  contact-metamorphic  deposits,  with  irreg- 
idar  mineralization  along  sheeted  zones  as  the  most  common  type. 
The  characteristic  ore  is  coarse  quartz,  studded  and  stained  with  the 
alteration  products  of  chalcopyrite  and  carrying  a  little  free  gold. 
In  many  respects  these  deposits  are  similar  to  the  older  pyritiferous 
gold  veins,  with  wluch  they  are  thought  to  agree  in  age  and  genesis. 

Cobalt-nickel  deposits  are  confined  to  the  Blackbird  district,  where 
they  occxu'  as  lenslike  bodies  and  as  bunches  and  disseminations  along 
fractured  zones.    In  one  place  nickeliferous  pyrrhotite  occurs  as  small 
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bunches  scattered  through  a  gabbro  dike.  The  deposits  are  little 
developed,  but  some  of  them  are  known  to  contain  about  2  per  cent 
each  of  cobalt  and  nickel. 

Tungsten  is  mined  in  the  Blue  Wing  district,  where  it  is  associated 
with  zinc,  copper,  lead,  molybd^ium,  iron,  and  silver  minerals  in  len- 
ticular quartz  veins.  A  little  gold  also  is  present.  The  characteristic 
tungsten  mineral  b  htlbnerite. 

Sixty-three  mineral  species  are  recognized  in  the  ores  of  Lemhi 
Coimty. 

The  outlook  for  a  steady  growth  in  the  mining  industry  of  the  county 
is  bright.  A  large  tonnage  of  base  gold  ore  remains.  Placers  are  now 
being  worked  by  dredges,  which  are  converting  into  an  asset  ground 
heretofore  valueless  for  mineral.  The  annual  production  of  lead- 
silver  has  increased  greatly  since  the  advent  of  the  railroad  and  seems 
destined  to  become  the  most  important  in  the  coimty.  Timgsten 
will  probably  become  an  asset,  but  the  future  of  cobalt  and  nickel 
is  more  imcertain. 


GEOLOGY  AND  ORE  DEPOSITS  OF  LEMHI  COUNTY. 

IDAHO. 


By  JoBEPH  B.  Umpleby. 


INTRODUCTION. 
SCOPE  OF  BBPOBT. 

The  present  report  embodies  the  results  of  reconnaissance  studies 
in  the  nineteen  mining  districts  of  Lemhi  County,  Idaho.  The 
necessity  of  covering  approximately  3,200  square  miles  during  a 
single  field  season  obviously  involves  a  lack  of  balance  in  the  observa- 
tions on  particular  localities.  Doubtless  some  areas  and  mines  were 
slighted  and  others  received  more  attention  than  their  relative  merits 
warrant.  During  the  season,  however,  all  the  mines  and  most  of  the 
prospects  were  visited;  a  topographic  and  geologic  sketch  map  was 
prepared  (see  PL  I) ;  notes  were  taken  on  the  general  geology;  and  a 
persistent  effort  was  made  to  give  ample  time  to  significant  points 
even  at  the  expense  of  other  work. 

In  the  following  pages  the  geography  and  history,  physiography, 
general  geology,  and  economic  geology  of  the  county  as  a  whole  are 
discussed;  and  afterward  descriptions  are  given  of  the  several  mining 
districts,  with  notes  on  the  mines  of  each.  Thus  the  general  reader 
can  confiiie  his  attention  to  the  first  part  of  the  bulletin,  but  he  who 
is  interested  in  a  particular  area  should  turn  to  the  descriptions  of 
individual  districts. 

FIELD  WOBK  AND  ACENOWLBDGMBNTS. 

Field  work  began  June  30,  1910,  and  continued  until  October  2  of 
the  same  year.  Extensive  development  during  the  following  winter 
in  the  lead-silver  deposits  made  it  advisable  to  revisit  the  south- 
eastern part  of  the  area  for  two  weeks  during  1911.  At  this  time  Mr. 
George  H.  Girty,  of  the  Geological  Survey,  spent  three  days  in  com- 
pany with  the  writer  in  collecting  fossils  and  studying  the  Paleozoic 
stratigraphy  about  Gilmore. 

Courtesies  extended  by  the  many  mining  men  of  tne  county  are 
too  numerous  for  separate  mention  but  were  highly  appreciated  and 
facilitated  the  studies  materially.  It  would  be  unappreciative,  how- 
ever, not  to  thank  Mr.  Allen  C.  Merritt  for  the  opportunity  of  using 
his  map  of  Lemhi  County;  Mr.  J.  H,  Bacon,  chief  engineer  of  the 
Gilmore  &  Pittsburgh  Railroad,  for  access  to  surveys,  profiles,  and 
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route  map;  and  the  engineering  firm  of  McClung  &  Crandall  for  addi- 
tional control  in  the  Lemhi  Valley.  It  is  also  desired  to  express 
special  appreciation  to  Mr.  M.  M.  Johnson,  consulting  engineer  for 
the  Pittsbuig-Idaho  Co.  and  Allie  Mining  Co.,  and  to  Mr.  Ralph 
Nichob,  president  of  the  Latest  Out  Co.,  for  hastening  certain  mine 
surveys  in  order  that  they  might  be  available  for  this  report. 

BABLY  WOKK. 

Prior  to  the  present  investigation  little  had  been  recorded  concern- 
ing the  topography,  geology,  or  ore  deposits  of  the  3,200  square  miles 
treated  in  this  report.  The  principal  map  of  the  county  is  that  by 
Allen  C.  Merritt.  The  route  map  of  the  Gilmore  &  Pittsbuigh  Rail- 
road is  more  accurate  for  the  Lemhi  Valley,  however,  and  certain 
Forest  Service  maps  portray  more  closely  the  area  west  of  Salmon. 
For  several  of  the  mining  districts  claim  sheets  are  available,  and  a 
railroad  survey  extends  from  Salmon  both  up  and  down  Salmon 
River.  In  addition  to  these  sources  of  control,  the  writer  drew  from 
the  field  sheets  of  W.  H.  Barringer,  who  mapped  Salmon  River 
below  Salmon  for  the  United  States  Geological  Survey.  Further,  the 
Carpenter  survey  of  the  International  Boundary,  and  numerous 
township  plats  by  the  General  Land  Office  were  available.  Plate  I 
(in  pocket)  is  compiled  from  these  several  sources  and  from  numerous 
aneroid  readings  and  triangulations  by  the  writer. 

In  1895  the  Geological  Survey  published  a  report  by  George  H. 
Eldridge  on  his  reconnaissance  across  Idaho,  which  included  a  traverse 
from  Yellow  Jacket  to  Salmon  and  thence  south  along  Salmon  River. 
Other  than  this  only  a  few  articles  in  technical  journals  and  notes  in 
the  reports  of  the  State  mine  inspector  deal  with  the  geologj"  and 
mineral  deposits  of  Lemhi  County. 

Following  is  a  list  of  the  more  important  articles  and  publications 
on  this  and  near-by  areas. 

Emmons,  S.  F.,  Livingston  to  the  Snake  Plains:  Compt.  rend.  Cong.  g^l.  intemat., 
5th  sess.,  1893,  pp.  367-374.  Describes  the  geology  along  the  route  of  travel  and  the 
geologic  history  of  the  Snake  Plains. 

Stone,  George  H.,  An  extinct  glacier  of  the  Salmon  River  Ranp^e:  Am.  Geologist, 
vol.  11,  1893,  pp.  406-409.  Describes  the  glacial  geology  of  the  Leesburg  basin  and 
the  mountains  west  of  Salmon. 

Eldridqe,  George  H.,  A  geological  reconnaissance  across  Idaho:  Sixteenth  Ann. 
Rept.  U.  S.  Geol.  Survey,  pt.  2,  1895,  pp.  211-276.  Describes  the  topojrraphy  and 
geology  along  a  route  from  Boise  to  Salmon  and  thence  south  to  Ilailey  and  west  to 
Boise.  The  report  includes  notes  on  the  ore  deposits  at  Yellow  Jacket  and  the  placers 
of  the  Leesburg  basin  and  Kirtley  Creek. 

Goode,  R.  U.,  Bitterroot  Forest  Reserve:  Nat.  Geog.  Mag.,  vol.  9, 1898,  pp.  387-400. 
Contains  general  description  of  the  reserve  and  definition  of  mountain  systems. 

LiNDOREN,  Waldemar,  The  gold  and  silver  veins  of  Silver  City,  De  Lamar,  and 
other  mining  districts  of  Idaho:  Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 1900, 
pp.  7^256.    Deecribes  the  character  and  occurrence  of  the  igneous  and  sedimentary 
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rocks  and  the  occurrence  and  nature  of  the  ore  deposits  of  a  large  area  lying  south  and 
west  of  Lemhi  County. 

Bell,  Robert,  An  outline  of  Idaho  geology  and  of  the  principal  ore  deposits  of 
Lemhi  and  Custer  counties,  Idaho:  Proc.  Intemat.  Min.  Cong.,  4th  sees.,  1901,  pp. 
64-80.  Describes  briefly  the  principal  mines  of  Lemhi  and  Custer  counties,  stating 
the  amount  of  development,  production,  and  something  of  the  geologic  relations. 

Russell,  Israel  C,  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho: 
Bull.  U.  S.  Geol.  Survey  No.  199, 1902, 192  pp.  Describes  the  topography,  the  base- 
ment series  of  rocks,  recent  eruptives,  lacustrine  deposits,  and  resources  of  the  area. 

LiNDOREN,  Waldem AR,  A  geological  reconnaissance  across  the  Bitterroot  Range  and 
Clearwater  Mountains  in  Montana  and  Idaho:  Prof.  Paper  U.  S.  Geol.  Survey  No.  27, 
1904,  123  pp.  Describes  the  topography  and  the  character,  occurrence,  and  geologic 
relations  of  the  igneous  and  sedimentary  rocks,  the  structure  of  the  area,  and  the  char- 
acter, occurrence,  and  development  of  its  mineral  deposits.  The  GibbonsviUe  and 
Mineral  Hill  districts,  Lemhi  County,  are  described  briefly. 

Carr,  Henry  C,  Vein  structure  in  the  Monument  mine:  Min.  and  Sci.  Press,  vol. 
98,  1909,  pp.  557-558.  Includes  notes  on  the  geology  and  character  and  occurrence 
of  the  ores  at  Meyers  Cove  (Singiser),  Lemhi  County,  Idaho. 

OEOGRAPHT. 

SmXATION  AND  ACCESS. 

Lemhi  County,  Idaho  (fig.  1),  situated  in  the  east-central  part  of 
the  State,  lies  along  the  eastern  border  of  that  broad  area  which 
proved  impassable  to  the  Lewis  and  Clark  expedition.  Li  August, 
1805,  Capt.  William  Clark  crossed  the  main  divide  at  Bannock  Pass 
and  proceeded  down  Lemhi  and  Salmon  rivers  nearly  to  the  place 
where  Shoup  now  stands.  Beyond  this  point  the  narrow  canyon 
and  precipitous  uplands  along  Salmon  River  made  progress  impossible. 
At  this  time  Salmon  River  was  named  Lewis  River,  after  the  great 
explorer  and  head  of  the  expedition,  and  it  is  to  be  r^retted  that  the 
name  was  not  retained,  especially  as  another  stream  in  the  State  is 
called  Salmon  River. 

At  present  all  important  lines  of  traffic  extend  eastward,  although 
feasible  routes  to  the  west  have  been  located.  The  most  practicable 
of  these  seems  to  be  that  followed  by  the  recent  railroad  survey  down 
the  deep,  narrow  canyon  of  Salmon  River  to  Lewiston.  This  route 
has  a  water  grade  from  Bannock  Pass  on  the  east  down  Lemhi,  Sal- 
mon, Snake,  and  Columbia  rivers  to  salt  water.  The  Gilmore  &  Pitts- 
burgh Railroad,  popularly  supposed  to  be  a  link  in  a  transconti- 
nental line,  was  completed  in  1910  between  Salmon,  Idaho,  and 
Armstead,  Mont.,  the  latter  being  a  point  on  the  Oregon  Short  Line 
90  miles  south  of  Butte.  From  Leadore,  Idaho,  a  branch  extends  20 
miles  south  to  Gilmore.  Stage  routes  lead  from  Salmon,  the  county 
seat  (see  PI.  II,  jB),  a  city  of  possibly  1,500  inhabitants,  south  to 
ChaUis  and  west  and  north  to  several  mining  camps  and  settlements. 

74423**— Bull.  528— 13 2 
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CLIMATE,  VEGETATION,  AND  ANTMAT«  LIFE. 

Coordinate  with  Lemhi  County's  great  range  in  elevation  is  its 
great  range  in  climatic  conditions.  Expanses  covered  with  snow  to  a 
depth  of  several  feet  throughout  a  long  winter  grade  down  to  lowlands 
where  sleighmg  is  seldom  possible.  While  travelers  in  the  mountains 
are  using  skees  those  in  the  deeper  valleys  may  be  complaining  of 
dust.  Unlike  many  parts  of  the  Northwest,  the  area  is  one  of  abxm- 
dant  precipitation.  Almost  every  mountain  canyon  is  occupied  by  a 
stream  that  lives  throughout  the  year,  affording  power  for  the  indus- 
trialist, fish  for  the  sportsman,  and  beauty  for  the  traveler. 

Over  much  of  the  county  a  dense  growth  of  medium-sized  evergreen 
trees  rises  above  a  surface  clad  thickly  with  grasses  and  small  shrubs. 
This  growth  extends  from  the  lowest  valleys  to  the  highest  sunMmts, 
but  though  thus  independent  of  elevation,  it  is  not  uniformly  dis- 
tributed. The  great  areas  of  ^fiocenc  lake  beds  are  notably  lacking 
in  trees,  as  are  also  numerous  talus  slopes  adjacent  to  rugged  quartzite 
summits.  The  absence  of  forests  on  the  talus  slopes  is  obviously  due 
to  the  constant  shifting  of  the  surface  material,  but  its  absence  on  the 
lake  beds  is  less  readily  explained.  Here^  however,  sagebrush  and 
the  grasses  of  semiarid  regions  abound,  clearly  indicating  a  dearth  of 
moisture,  thought  to  be  due  to  imperfect  cementation  in  the  detrital 
material  forming  the  beds. 

The  forest  trees  available  for  economic  use  are  the  yellow  pine 
(PintLS  ponderosa  Lawson),  the  Douglas  fir  (Pseudotauga  tdxifolia 
Britt),  the lodgepole  pine  (Pinus  contorta Loudon),  and  the En^emann 
spruce  (Picea  englemanni  Englemann) }  Of  these  the  yellow  pine  has 
the  widest  distribution  and  supplies  the  only  first-class  lumber  pro- 
duced in  the  county.  It  is  the  predominant  type  in  the  northern  and 
western  parts  of  the  area,  where  "it  forms  pure  stands  on  south  slopes, 
tops  of  ridges,  and  all  dry  situations."  The  average  tree  is  about  30 
inches  in  diameter  and  120  feet  high.  Next  in  importance  is  Douglas 
fir,  which  yields  only  rough  lumber,  ties,  poles,  and  fencing,  although 
producing  the  best  quality  of  fuel  wood.  It  generally  grows  in  open 
scrubby  stands  on  north  slopes  and  in  moist  places  up  to  8,000  feet 
elevation.  The  trees  are  somewhat  smaller  than  the  yellow  pine. 
Lodgepole  pine,  although  a  small  tree,  commonly  about  a  foot  in 
diameter,  is  important  because  of  its  wide  distribution  and  great  range 
of  uses.  It  grows  on  the  higher  areas  throughout  most  of  the  county. 
The  Englemann  spruce  has  a  wide  range  in  altitude,  but  is  confined 
to  moist  canj^ons  and  creek  beds  and  is  commonly  in  tor  all  stands 
to  be  of  commercial  importance. 

In  few  parts  of  the  West  not  included  in  a  game  reserve  is  large  game 
so  abundant  as  in  central  Idaho,  the  inhabitants  of  the  forest  having 

1  McLean,  F.  T.,  Silvical  report  of  Salmon  National  Forest  for  1910,  anpabUshed,  bat  ty 
oopy  in  files  of  the  Bureau  of  Forestry. 
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been  more  or  less  effectively  preserved  by  the  comparative  inaccessi- 
bility of  the  region.  Within  a  few  hours'  travel  from  any  of  the 
mining  camps  west  of  Salmon  it  is  possible  to  kill  a  deer.  (Soats 
and  sheep  are  less  numerous^  but  many  are  killed  each  season,  and 
numbers  of  bear,  wolves,  coyotes,  mountain  lions,  and,  less  commonly, 
lynx  annually  fall  victims  to  the  hunter  or  are  ensnared  by  the 
tapper.  Antelope  and  elk  have  become  rare,  and  the  State  is  endeav- 
oring to  revive  them  by  absolute  protection,  instead  of  the  limited 
protection  afforded  to  most  of  the  other  species. 

MININa. 
GENERAL  CONDITIONS. 

Of  the  many  conditions  affecting  mining,  only  the  lack  of  suitable 
means  of  transportation  has  served  as  a  serious  handicap  to  develop- 
ment. Prior  to  the  spring  of  1910  Red  Rock,  Mont.,  and  Dubois, 
Idaho,  were  the  nearest  railroad  points,  and  these  represented  a  haul 
of  more  than  70  miles  from  the  properties  situated  advantageously 
and  of  more  than  double  that  distance  from  other  mines.  Even  now, 
with  the  railroad  terminus  at  Salmon,  the  western  and  northern  parts 
of  the  county  are  benefited  but  little  so  far  as  marketing  ore  is  con- 
cerned. Except  the  lead-silver  deposits  the  ores  are  not  of  sufficiently 
high  grade  to  warrant  a  long  wagon  haul.  IS  transportation  charges 
were  made  reasonable,  however,  it  is  almost  certain  that  several 
properties  in  the  eastern  and  northern  parts  of  the  county  would 
become  substantial  producers. 

The  climate  is  in  no  sense  prohibitory  to  successful  and  cheap 
mining,  timber  is  abundant,  and  water  power  is  practically  unlimited. 
Deep  valleys  adjacent  to  most  of  the  deposits  make  it  possible  to 
attain  1,000  to  2,000  feet  of  depth  without  recourse  to  deep  shafts. 

HISTORY. 

Lemhi  County,  like  most  of  the  Rocky  Mountain  mining  districts, 
owes  the  discovery  of  its  mineral  wealth  to  the  great  army  of  gold 
seekers  that  invaded  the  Sierra  of  California  about  the  middle  of  the 
last  century  and  thence  penetrated  to  all  the  mountain  areas  of  the 
West.  Mining  history  attests  the  thoroughness  of  their  search,  for 
no  important  placers  have  been  discovered  since,  and  most  of  the  lode 
deposits  since  worked  were  known  to  them.  In  1862  a  group  of 
these  men,  following  the  constantly  shifting  centers  of  excitement, 
went  to  Florence,  Mont.,  thence  to  Alder  Gulch,  and  then  to  Elk 
Creek,  where  in  the  spring  of  1866  a  party  of  five  outfitted  and  started 
into  the  then  unknown  area  of  Lemhi  County.  Nate  Smith  led  the 
expedition,  which  included  Lydge  Mulkey,  F.  B.  Sharkey,  WiUiam 
Smith,  and  Caleb  Davis.     Only  F.  B.  Sharkey,  a  resident  of  Sunfield, 
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Idaho,  survives.  Their  first  location  was  on  Napias  Creek,  in  the 
north-central  part  of  the  county,  a  short  distance  above  the  mouth 
of  Wards  Creek  gulch.  Leesbing,  for  some  years  a  prosperous 
camp,  sprang  into  existence  near  by,  and  across  the  road  from  it 
Grantsville  thrived  for  a  time,  each  named  by  Civil  War  veterans. 
Starting  in  several  directions  from  Leesburg,  prospectors  soon  dis- 
covered the  placers  of  Moose  Creek,  Gibbonsville,  Bohannon  Bar, 
and  Yellow  Jacket,  the  first  lode  deposit  being  located  at  Yellow 
Jacket  in  September,  1868.  Most  of  tlie  gold  veins  which  have  since 
become  important  were  discovered  during  the  next  15  years.  Lead- 
silver  was  discovered  in  1880  at  Nicholia,  copper  in  1883  at  Copper 
Queen  mine,  cobalt-nickel  in  1901  at  Blackbird,  and  tungsten  in  1903 
at  Ima. 

During  the  early  years  of  mining  in  Lemhi  County  supplies  were 
freighted  from  Fort  Benton,  Mont.,  and  later  from  Corinne,  Utah. 
Not  until  1882,  when  the  railroad  reached  Red  Rock,  Mont.,  was  the 
necessary  wagon  haul  less  than  250  miles;  from  that  year  until  1910 
it  was  about  100  miles.  The  extension  of  the  raiboad  to  Salmon  has 
produced  a  substantial  increase  in  mining  in  the  territory  along  its 
route,  the  activity  being  especially  marked  by  the  lead-silver  pro- 
duction of  the  last  year,  by  recent  activity  at  the  Copper  Queen  mine, 
and  by  the  installation  of  a  large  dredge  on  Kirtly  Creek,  which  will 
increase  the  copper  and  gold  output  for  the  county.  In  the  region 
west  and  north  of  Salmon  the  railroad  has  not  proved  to  be  of  great 
benefit,  for  the  wagon  haul  is  still  so  long  as  to  prohibit  the  shipment 
of  the  conamon  grade  of  ores. 

PRODUCTION. 

The  total  production  of  Lemhi  County  to  January,  1911,  is  esti- 
mated at  $20,000,000.  Official  records  are  available  for  the  period 
from  1881  to  1910,  but  the  important  placer  operations  were  carried 
on  before  1881  and  little  reliable  information  concerning  them  is  to 
be  had.  At  that  time  many  individuals  worked  many  properties, 
gold  dust  was  used  instead  of  money,  and  gambling  was  rife.  Long- 
time residents  of  the  county  place  the  early  placer  production  at 
$7,000,000  to  $30,000,000,  but  the  area  of  ground  worked,  the  reported 
richness,  and  the  known  production  since  1880,  lead  thewTiter  to  the 
opinion  that  $6,000,000  is  probably  a  fair  estimate  for  the  period 
prior  to  1881.  From  1881  to  1910,  inclusive,  the  production  included 
$7,702,256  from  gold,  $1,862,081  from  silver,  $32,563  from  copper, 
and  $3,822,270^  from  lead.  The  figures  for  1911  show  a  marked 
increase  in  the  amount  of  lead  and  silver,  and  a  new  metal,  tungsten, 
was  added  to  the  list. 


1  \bout  $1,500,000  of  ttaJs  amount  is  baaed  on  estimates.    See  pp.  84, 91. 
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CoDfudered  by  districts,  Mackinaw  has  been  the  chief  source  of 
gold,  producing  about  (6,250,000.  The  Gibbonsville  district  is  next 
in  importance,  with  about  $2,000,000,  and  then  follow  the  Mineral 
Hill,  the  Indian  Creek,  and  the  Yellow  Jacket,  all  of  these  districts 
being  in  the  western  and  northern  port  of  the  county.  In  the  pro- 
duction of  lead-silver  the  NichoUa  district  led  with  an  output  of 
$2,500,000  up  to  the  close  of  1910,  but  the  Texas  district,  with  an 
equal  production  at  the  close  of  191 1,  was  probably  ahead  at  the  end 
of  1912.  The  Junction  and  Spring  Mountain  districts,  each  with  an 
output  of  approximately  $100,000,  constitute  the  remaining  lead- 
silver  districts,  all  of  which  arc  situated  in  the  southeast  part  of  the 
county.  Copper  has  been  derived  almost  exclusively  from  the  Cop- 
per Queen  mine,  in  the  McDevitt  district. 

The  production  of  Lemhi  County  for  the  years  1904  to  1911,  inclu- 
sive, as  published  annually  by  the  United  States  Geological  Survey 
in  Mineral  Resources  of  the  United  States,  is  as  follows: 
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EXISTING    TOPOGRAPHY. 

Lemhi  County  is  a  high  moiintninous  area  consisting  of  broad, 
level-topped  divides,  generally  separating  deep  nniTOw  vulleys.  The 
Continental  Divide,  which  forms  the  north  and  east  boundaries  of  the 
area,  is  the  summit  of  a  high,  narrow  range,  wliich  from  the  scanty 
evidence  available  seems  to  be  iaigely,  if  not  entirely,  a  product  of 
erosion.     In   the  vicinity   of  Shoup   tlie  headwaters  of  Bitterroot 
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River  have  crowded  the  crest  line  several  miles  to  the  south,  and 
above  GibbonsviUe  North  Fork  of  Salmon  River,  acting  in  the 
opposite  direction,  has  crowded  it  sharply  north,  thus  forming  an  S, 
conspicuous  on  any  map  of  the  State  boundary. 

The  divide  is  known  to  continue  southeast  without  an  important 
break  to  Beaver  Canyon,  where  the  Oregon  Short  line  Railroad 
crosses  it.  Northward  the  range  splits,  the  eastern  part  continuing 
as  the  Continental  Divide  and  the  western  part  as  the  Bitterroot 
Mountains.  For  this  section  of  the  Continental  Divide,  between 
the  Bitterroot  Mountains  and  Beaver  Canyon,  the  name  Beaver- 
head Mountains  is  here  proposed.  The  name  is  suggested  by 
Beaverhead  County,  Mont.,  which  comprises  a  considerable  part  of 
the  divide;  Beaverhead  River,  which  drains  much  of  its  eastern 
slope;  and  Beaverhead  National  Forest,  which  is  coextensive  with 
a  greater  part  of  it. 

West  and  south  of  Salmon  River  the  mountains  are  carved  from  a 
high  plateau  made  up  of  rocks  of  diverse  composition.  The  same 
type  of  topography  is  seen  in  the  Lemhi  Range,  although  there  the 
dissection  is  further  advanced. 

Of  the  several  valleys  that  of  Salmon  River  is  the  most  important, 
though  smaller  than  some  of  the  others.  (See  PI.  11,  A,  p.  18.) 
Near  the  mouth  of  Pahsimeroi  Valley,  at  the  southern  boundary  of 
the  county,  the  river  enters  a  deep,  narrow  canyon  which  continues 
to  a  point  within  8  miles  of  Salmon,  where  it  opens  out  into  a  broad 
intermontane  depression.  This  depression  continues  downstream  for 
20  miles  and  then  merges  into  a  canyon  even  narrower  and  more 
rugged  than  the  first.  The  Lemhi  Valley,  in  contrast  to  this  erratic 
topographic  feature,  is  broad  and  open,  bordered  by  precipitous  walls 
which  gradually  diverge  headward  and  continue  beyond  an  imper- 
ceptible divide,  as  the  sides  of  Birch  Creek  valley.  The  Pahsimeroi 
Valley  is  similarly  a  wide  depression  and  is  occupied  by  an  even 
smaller  stream. 

PHYSIOGRAPHIC  DEVELOPMENT. 

General  features, — Throughout  the  area  there  is  striking  accordance 
in  the  elevation  of  interstream  tracts,  which,  when  seen  from  slight 
prominences  above  their  level,  present  the  semblance  of  a  broad 
plain  extending  southeast,  southwest,  and  north  to  the  horizon. 
Eastward  the  Beaverhead  Mountains,  which  in  their  northern  part 
stand  a  little  above  the  general  level,  cut  off  the  view.  From  such 
a  vantage  point  an  observer  would  scarcely  susj>ect  the  area  to  be 
furrowed  by  narrow  valleys  in  places  to  depths  of  6,000  feet.  Sig- 
nificant details  of  contour  are  the  spurs  which  extend  from  the  main 
divides  and  terminate  in  square  shoulders  along  the  major  valleys, 
features  which  are  not  to  be  explained  by  structure  but  point  to  the 
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dtaaci'iiuii  o[  u  uiicr  ucuiiv  ifvol  p-urlm't-  AWi  ijieniiicant  i 
rook-cui  usnutxn  wiiitii  pui-aliel  tiit-  plutvaii  Hurlti<-c  at  aU^tly  iower 
luvei.-.  Ouu  of  UiUBU  ia  uii  llie  w«»t  side  nf  tlu>  Lemlii  Ksn^e  at  IsjaiBg 
Muuiiiuiji. 

'J'Ik-  Durlucc  locks  un-  t^oeis.-.  (irttiiitc.  aw!  sharply  folded  schists. 
sIhLc-.-'.  qut^riziibh.  liuwsiuue?.  aiid  u(tki>iiiiii:>>.  yet  tlio  plateau  snriaoe 
tufU'uda  ucTuus  all  tliisM'  lock?.  iruiK'aiiu;:  tin'  ivsuiani  and  nonrese- 
uuii  aliki-.  Tliis  unilurui  iruiicaUmi  ti:  upturned  stratii  aver  broad 
luiaui  uaii  Imvv  lebulbeit  udIv  Iroiii  proiouiKi  trosuou.  'niiicb  li^^ring 
iU>  ialer  Hlugtts  uperaiml  ai  (!lKVai.it>ii^  wiirn-  differences  in  rock 
I'usisluiKM'  uo  lunger  pruduued  iR<tic«atil<  dillVreuces  in  surface'  coii- 
luur.  It  is  cuucluded.  tLweiun-.  liiu'  tin-  suriuf«i  of  this  area  has  been 
iwluwd  looncolgenlletoniouisuuii  sim-t-eli-vaifd.     (Seefi^K-- to4.) 


/0.**i".,«  tiUiJi,...  W.u-  i)h-  II..1  ■u,i,i,i:l  .Jivi-I.'.  ■•!  ihe  area  uaed  to 
dfiutjiiju-  u  jjltijif  jt  VKiiiUi  in-  found  i-j  ii<'.r.I  jjjiijor  fic-xurts.  some 
fuiillijif.',  ujhI  (I  \ii>nii\  iiiiii'lJJK'  I'Xcjidiij;'  iii>i  niid  wc-i  iliroug-h  the 
']VMi.s  .lisij-i.t.  Sii.Ij  ,1  iAuiu-  )i.,ss.'v.r.  ^v.-uld  f,i:],nhW  prove  much 
j.i.,..-  i»i,ij>  1.  v.]  ij„..i  iIh-  .-ini.iiii..  ..I  il,.'  Mior«-ne  lake  beds 
(j-ir'  |i  ASi  ui.iilil  iji.liijiif.  'l'J,i>  liKiiiij  <N^i  hij'I  w-'si  ant  icline  above 
jt'li'in'i)  iij  is  jMi»r  .Mi'jrciii-,  fm  ir  jjivulvtii  »  ^rnnluiil  inrrease  in  the 
.'l.'v<,n.,ii  U  liu'  lid..!  bIioi.'  lliiii  loJIow^  III.-  Iy-iiilii  Vniley  and  of  the 
iiixiiiiitiiji  .ii'si^  riiiiii  Sidiiiiiii  h>iuili.-iini  111  (iiliiiui'i-.  Near  Gilmore 
iii<-  »iiiiiitjii»«iiiiiil  111  iilii.iii  \U,Mii  r.-i'i,  liiil  iiliiJiit.  Snltiion  they  ara 
^(iiiiu.iiil^  111  s,n(iii  fi'i-i,  ulii.'li  Uiilujiu  III.- iKii'iiial  flfvution  of  the 

^nillllln  llllollt'llnlll    lil«  l.'trinll. 
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Correlation. — It  is'not  proposed  in  the  present  paper  to  enter  on 
the  brood  physiographic  problem,  but  in  order  to  date  this  surface  of 
erosion  it  is  necessary  to  form  some  idea  of  its  extent.  The  same 
surface  has  been  observed  by  Lindgren  '  in  the  Clearwater  Mountains 
and  in  westr-central  Idaho;  by  Calkins '  in  the  Cceur  d'Alene,  Cabi- 
net, and  Purceil  ranges;  and  what  is  probably  tlie  same  surface  by 
WiUis  *  in  the  Lewis,  Livingston,  and  Galton  ranges,  Mont,,  by  the 
writer  *  at  Republic,  Wash.,  and  by  Dawson '  in  the  Interior  Plateau 
of  Canada. 

Throughout  this  broad  area  the  surface  of  recognized  similarity 
varies  in  elevation  from  4,500  feet  to  10,500  feet,  although  elevations 
of  6,000  to  7.000  feet  aro  the  more  common.     In  Canada  and  eastern 
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Washington  the  surface  has  been  recognized  as  Eocene  and  assigned 
to  the  same  epoch  as  that  in  Lemhi  County,  which  in  turn  is  contin- 
uous with  the  west-central  Idaho  and  Clearwater  Mountain  areas. 
The  other  locfilities  mentioned  above  presumably  present  the  same 
surface,  a  deduction  resulting  from  considerations  outlined  in  the 
next  .section. 
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Age  of  Hi*  »wrfaee. — Sediments  assigned  to  tKe  Mioceae  on  fossil 
evidence  occupy  a  broad  erosion  valley  devdoped  after  the  area  had 
assumed  its  present  deration.  (See  p.  36.)  Obviously,  the  old 
erosion  surface  is  pr&-Miocene. 

Vast  volumes  of  sediments  must  have  resulted  from  the  reduction 
to  a  gentle  topographic  feature  of  the  broad  area  known  to  have 
been  eroded,  and  herein  lies  the  possibility  of  further  defining  its  age. 
The  surface  cuts  Carboniferous  beds,  and  as  it  is  pre-Miocene  only 
Mesozoic  and  early  Tertiary  deposits  need  be  considered.  Post- 
Paleozoic  fonnations  in  the  Northwest  earlier  than  those  of  late  Cre- 
taceous time  seem  to  bear  no  genetic  relation  to  the  plateau  region  as  a 
whole.    The  Triassic  aea  occupied  part  of  the  same  area,  and  Jurassic 


deposition  occurred  a.  little  farther  east.  The  late  Cretaceous  is 
strongly  developed  in  the  adjoining  areas  to  the  east  and  much  of 
the  material  was  presumably  derived  from  highlands  to  the  west. 
The  distribution  of  Eocene  sediments,  however,  is  far  more  suggestive. 
(See  fig.  5.)  They  surround  the  plateau  area  in  such  a  manner  that 
their  derivation  from  it,  at  least  in  large  part,  seems  obvious.  The 
great  volume  of  these  deposits  could  not  have  resulted  from  the 
plateau  region  after  its  last  elevation,  for  two  reasons.  (1)  It  is  very 
doubtful  if  the  plateau  is  sufficiently  dissected  to  afford  the  volume 
of  material  represented  by  the  Eocene  beds,  and  (2)  all  the  great 
valleys  which  developed  after  the  lust  great  elevation  drained  west- 
ward and  in  all  probability  have  done  so  throughout  their  history. 
^  This  is  true  of  the  Bocky  Mountain  trough,  the  Purcell  trough,  and 
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the  Snake,  Salmon^  and  Columbia  River  channels.  It  seems,  there- 
fore, only  possible  that  the  extensive  Eocene  deposits  on  the  east 
could  have  been  derived  from  the  plateau  region  during  that  period 
of  erosion  which  resulted  in  its  reduction  well  toward  base-level. 
Whether  or  not  that  great  cycle  of  erosion  began  with  the  Eocene 
may  be  an  open  question,  but  that  it  closed  with  the  Eocene,  and 
therefore  that  the  surface  is  of  Eocene  age,  seems  practically  beyond 
doubt. 

The  Eocene  sediments  of  the  Northwest  record  four  more  or  less 
distinct  stages.  This  may  mean  either  that  the  area  supplying  the 
material  was  affected  by  successive  uplifts  or  that  slight  warpings 
or  perhaps  only  piracy  caused  the  courses  of  the  principal  streams 
to  change  from  time  to  time.  The  latter  view  is  the  more  probable, 
for  beds  representing  successive  stages  in  the  Eocene  epoch  for  the 
most  part  occupy  different  areas. 

Early  Eocene  elevation. — A  comparison  of  figures  5  and  6  brings  out 
the  remarkable  accordance  in  the  extent  of  the  plateau  area  and  in 
the  distribution  of  granitic  rock  which  may  reasonably*  be  assigned 
to  the  late  Cretaceous  or  early  Eocene  age.  Many  of  the  granitic 
areas  are  shown  definitely  to  be  portions  of  the  same  batholith,  but 
the  age  of  others  has  not  been  determined.  The  magnitude  of  the 
masses  which  entered  at  about  the  same  time,  however,  is  almost 
inconceivable.  It  does  not  seem  possible  that  such  a  volume  of 
molten  rock  could  enter  the  outer  zone  of  the  earth  without  being 
accompanied  by  a  profound  elevation  of  the  surface;  yet  nowhere 
is  there  a  record  of  such  elevation  until  Eocene  time.  The  Triassic 
and  Juraosic  seas  probably  crossed  parts  of  the  area  now  occupied  by 
the  granite,  and  within  the  configuration  of  the  Cretaceous  shore  line, 
as  commonly  defined,  there  are  no  features  indicating  a  pronounced 
highland  centering  in  Idaho.  Thus,  prior  to  the  Eocene,  there  is  no 
evidence  of  special  elevation  in  the  area  now  common  to  granitic 
outcrops  and  the  old  erosion  surface. 

From  these  lines  of  evidence  it  is  concluded  that  the  probability 
is  strong  that  the  intrusion  of  the  granite  accompanied  the  broad 
elevation  which  was  reduced  to  gentle  topographic  forms  during  the 
Eocene  epoch;  and  therefore  that  the  great  granite  mass  which 
attains  its  greatest  development  in  Idaho  is  of  late  Cretaceous  or 
early  Eocene  age. 

Bearing  of  Eocene  erosion  surface  on  economic  problems. — Over 
much  of  the  plateau  region  no  geologic  datum  plane  is  recognized 
between  the  Algonkian  and  the  Pleistocene.  All  the  ore  deposits 
and  associated  igneous  activity  were  well  removed  in  time  from  both 
of  these  periods,  and  hence  the  economic  geologist  is  frequently  at 
a  loss  to  date  his  deposits.  The  Eocene  erosion  surface,  however, 
constitutes  a  widely  recognizable  datiun  plane,  separating  two  great 
periods  of  mineralization.    As  the  older  deposits  are  later  than 
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granite,  the  age  of  the  granite  is  important,  and  if  the  above  sog- 
geetion  of  a  genetic  relation  between  it  and  the  Eocene  surface  can 
be  established,  the  numerous  pre-Oligocene  ore  deposits  found  in 


Idaho  ore  confined  to  the  late  Cretaceous  or  early  Eocene.  The  later 
deposits  are  inclosed  in  or  associated  with  eruptive  rocks,  which 
occupy  Talleys  developed  after  the  elevation  of  the  Eocene  surface. 
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If  the  Oligocene  epoch  is  allowed  for  the  development  of  these 
valleyB  the  later  deposits  are  post-Oligocene.  They  are  further  limited 
in  age  by  Pleistocene  glaciation  and  by  the  amoimt  of  erosion  which 
preceded  the  glaciation  but  followed  the  development  of  the  veins. 
Thus  the  later  period  of  mineralization  is  Miocene  or  early  Pliocene. 
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FiouBE  6.— Map  showing  distribution  of  outcrops  of  grauitic  rocks  in  the  Northwest.    These  are  strik- 
ingly ooinddent  in  distribution  with  the  plateau  area.    Adapted  from  geologic  map  of  North  America. 


POST-EOCENE  TOPOGRAPHY. 


The  post-Eocene  geography  of  the  area  has  changed  greatly  from 
stage  to  stage.  The  marked  discordance  in  degree  of  development 
of  the  valley  of  Salmon  River  from  place  to  place,  and  in  the  Lemhi 
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and  Pahsimeroi  valleys  with  reference  to  it,  has  been  indicated  (p.  23). 
It  has  also  been  pointed  out  that  the  Lemhi  Valley  increases  in  width 
toward  the  head  of  its  stream  and  beyond,  and  that  many  of  its  tribu- 
taries run  headward  until  they  reach  the  valley  flat,  where  they 
assume  a  normal  inclination  downstream.  Prairie  Basin  is  a  high 
rolling  tract,  isolated  by  a  broad  area  of  Tertiary  lavas,  which  may 
conceal  a  former  connection  with  the  Pahsimeroi  Valley. 

All  the  above-mentioned  features  are  independent  of  structure  and 
point  clearly  to  profound  drainage  changes.  The  valleys  noi^  partly 
filled  by  Miocene  sediments  were  undoubtedly  formed  by  rivers  which 
flowed  southward  and  joined  Snake  River  tlu-ough  the  present  chan- 
nels of  Birch  Creek  and  possibly  Little  Lost  River.  These  relations 
prevailed  until  erosion  began  to  operate  on  the  lake  beds,  when  the 
head  of  the  basin  was  tapped  by  Salmon  River.  Since  then  the 
drainage  has  been  to  the  north  and  west.  The  explanation  of  the 
restricted  valley  occupied  by  Salmon  River  from  a  few  miles  above 
Salmon  nearly  to  the  entrance  of  the  Pahsimeroi  is  not  altogether  clear 
but  probably  is  to  be  explained  by  headward  erosion.  The  broad 
valley  of  the  Pahsimeroi,  like  that  of  the  Lemhi,  is  thought  to  have 
been  formed  by  a  southward-flowing  stream. 

Pleistocene  glaciation  on  all  elevations  above  perhaps  8,000  feet, 
and  along  the  larger  drainage  line  down  to  7,000  and  rarely  to  6,000 
feet,  developed  deep  U-shaped  valleys  and  countless  cirques  in  the 
higher  mountains.     (See  also  p.  40.) 

GENERAL    GEOLOGY. 

AGE  AND  SUCCESSION  OF  THE  BOCKS. 

The  rock  formations  of  Lemhi  County  comprLso"a  basement  of  v 
Archean  gneiss,  a  widespread  unconformable  series  of  intensely  meta^ 
morphosed  schists,  slates,  and  quartzites  of  Algonkian  age,  and  an 
unconformable  series  of  Paleozoic  formations,  which  are  preserved 
only  in  the  southeastern  part  of  the  county.  The  Mesozoic  is  not 
represented  by  stratified  rocks,  but  intrusions  of  granite  probably 
of  late  Cretaceous  or  early  Eocene  age  occur  at  several  places  in  the 
area,  attaining  their  maximum  develoj)ment  west  of  Leesburg.  //  ? 

An  Eocene  erosion  surface  is  recognized  on  most  of  the  summits  at" 
elevations  greater  than  that  of  the  next  younger  rocks,  which  are 
Miocene  lake  beds  and  Miocene  and  Pliocene  lavjis.     Glacial  d6bris 
covers  much  of  the  highland   areas  and   extends  down  the  larger 
valleys  to  elevations  of  7,000  feet,  rarely  to  G,000  feet. 

SEDIMENTABT  BOCKS. 
ALGONKIAN    SYSTEM. 

Algonkian  sedimentary  rocks  are  widespread  and  of  great  thickness 

in  Lemhi  County.     Although,  owing  to  the  limitations  of  hasty  recon- 

naissance  work,  they  are  here  considered  a  unit,  their  lithologic  varia- 


it 
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tions  are  so  great  that  detailed  work  will  be  sure  to  lead  to  several 
broad  subdivisioDs.  Indeed,  at  present  it  is  possible  to  recognize  sev- 
eral of  the  subdivisions  of  the  Algonkian  of  Montana  and  Idaho  assem- 
bled in  tabulated  form  by  Calkins.^ 

The  rugged  range  that  forms  the  Beaverhead  Mountains  is  carved 
out  of  these  rocks  from  Agency  Creek  northward,  and  most  of  the  level- 
topped  highlands  west  of  Salmon  River  are  formed  by  their  truncated 
edges.  (See  PL  III,  A.)  Within  their  general  area  they  are  in  places 
widely  concealed  by  lake  beds  and  lava  flows,  and  elsewhere  are  dis- 
placed by  granite  and  dikes. 

The  Algonkian  sedimentary  rocks  are  uniformly  though  not  in- 
tensely metamorphosed.  Crumpling  or  intricate  foliation  is  seldom 
seen,  and  in  most  places  bedding  structure  may  be  recognized.  Yet, 
in  general,  crystallization  of  the  constituents  has  taken  place,  biotite 
and  sericite  being  most  commonly  developed.  Some  garnet  and 
chiastolite  and  more  amphibole  have  been  formed. 

The  rocks  have  had  an  eventful  history,  recorded  in  intricate  jointing 
and  extensive  shearing.  Faulting  is  indicated  by  breaks  from  one 
type  of  rock  to  another  along  the  strike  and  by  changes  of  attitude 
within  short  distances. 

The  base  of  the  Algonkian  as  exposed  near  Shoup  is  a  fine-grained 
micaceous  schist,  locally  including  abundant  fragments  of  the  under- 
lying gneiss.  It  gives  way  in  a  short  stratigraphic  distance  to  quartz- 
ite  beds  which  alternate  with  those  of  schist  and  slate  for  200  or 
300  feet.  About  Ulysses,  8  miles  northeast  of  Shoup,  the  rocks  are 
little  different,  but  around  Gibbonsville  there  is  vastly  more  clayey 
material,  the  series  being  made  up  of  dark  thin-bedded  slates  and 
subordinate  amounts  of  quartzite,  which  in  many  places  grades  into 
them.  Bedding  is  fairly  well  preserved,  although  jointing  is  very 
intricate  and  metamorphism  is  well  advanced.  Biotite,  the  chief 
metamorphic  mineral,  is  mostly  oriented  parallel  to  the  bedding, 
although  in  places  it  conforms  to  cleavage  planes  which  lie  at  45° 
thereto. 

In  contrast  to  these  predominant  argillites  to  the  north,  gray- 
banded  quartzites  prevail  in  the  Eureka  district  and  along  the  Beaver- 
head Mountains  east  and  northeast  of  Salmon.  In  the  former  locality 
the  quartzite  is  dark  gray,  with  faint  banding  resembling  fine  lamina- 
tions, but  in  the  latter  it  is  uniformly  light  gray.  In  both  localities 
the  quartzites  are  fine  grained  and  compact  with  rather  thick  bedding. 
A  quartzite  resembling  that  of  the  latter  locality  occurs  about  the 
Black  Eagle  mine  in  the  Yellow  Jacket  district,  although  the  best 
exposures  of  this  phase  of  the  series  are  along  the  south  branch  of 
Carmen  Creek,  especially  in  the  cirque  walls  north  of  Fremont  Peak. 

1  Raosome,  F.  L.,  and  CalUxis,  F.  C,  The  gedogy  and  on  depositQ  of  tbe  Cceur  d'Alene  distriot,  Idabo; 
Frof.  Paper  U.  S.  Qeol.  Survey  No.  62, 1906,  p.  27, 
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Still  another  facies  of  the  older  rocks  occurs  in  the  mountains  east 
of  Baker  and  is  well  exposed  in  Pratt  Creek  canyon,  near  its  mouth. 
Here  a  steep  cliff,  possibly  700  feet  high,  is  formed  by  thinly  bedded 
horizontal  layers  of  quartzites,  argillites,  and  schists,  the  individual 
members  ranging  in  thickness  from  1  to  5  feet  and  being  conform- 
able throughout.  These  beds  are  distinguished  from  those  before 
described  by  their  thin  bedding  and  by  the  veinlets  of  calcite  which 
occupy  some  of  the  joint  planes.  It  is  probably  this  phase  which  is 
extensively  developed,  though  poorly  exposed,  in  the  southern  part 
of  the  Yellow  Jacket  district.  The  rocks  are  not  known  in  contact 
with  the  Cambrian  system,  but  as  they  occur  in  general  parallel  to 
and  not  far  from  the  outcrop  of  the  Cambrian  formations  it  is  thought 
that  they  are  near  the  top  of  the  Algonkian  system. 

Detailed  correlations  can  not  be  based  on  as  incomplete  work  as 
the  present,  but  purely  as  a  working  hypothesis  it  might  be  suggested 
that  the  rocks  above  described  correspond  to  the  Prichard  slate, 
Revett  quartzite,  and  Wallace  formation  of  the  Coeur  d'Alene  sec- 
tion.* Broadly,  there  is  no  doubt  that  they  are  to  be  correlated  with 
the  known  Algonkian  sections  of  Idaho  and  Montana. 

PALEOZOIC   ROCKS. 
OAXBRIAH  SYSTEM. 

Cambrian  quartzite  outcrops  along  the  crest  and  east  slope  of  the 
Lemhi  Range,  from  the  vicinity  of  McDevitt  Creek  southward  beyond 
the  limits  of  the  reconnaissance.  The  higher  peaks  of  this  part  of 
the  range,  those  which  rise  as  high  as  10,800  feet  above  sea  level,  are 
carved  out  of  this  formation.  North  of  the  Lemhi  Valley  the  quartz- 
ite continues,  crossing  the  Beaverhead  Mountains  a  little  south  of 
Lemhi  Pass. 

The  formation  was  studied  only  in  the  vicinity  of  Meadow  Lake, 
where  it  is  uniformly  a  clear- white  fine-grained  quartzite,  more  than 
2,000  feet  in  thickness.  (See  PI.  FV.)  A  notable  feature  is  the  ab- 
sence of  conglomeratic  and  even  of  granular  facies.  Individual  grains 
can  not  be  distinguished  with  the  unaided  eye,  and  fresh  surfaces  have 
a  rather  opalescent  appearance.  When  microscopically  examined,  the 
individual  grains  are  seen  to  be  well  rounded  and  to  average  about 
0.3  millimeter  in  diameter,  the  largest  measured  beng  only  0.5  mil- 
limeter. Recrystallization  was  unimportant  in  the  metamorphism 
of  the  original  sandstone,  the  firmer  cementation  being  due  to  an 
infiltration  of  silica  into  the  interstices  between  the  grains  rather 
than  to  a  crystallographic  addition  to  them.  The  quartzite  is  remark- 
ably free  from  mica  or  other  common  impurities. 

No  fossils  were  obtained  from  this  quartzite.  Throughout  its 
known  extent  the  general  dip  of  the  formation  is  about  45°  E.,  al- 

1  Ranscme,  F.  L.,  and  Calkiiu,  F.  C,  op.  cit.,  pp.  25, 27. 
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though  local  variations  to  the  north  and  south  were  noted.  Below 
it  stratigraphically  are  the  greatly  folded  and  extensively  recrystal- 
lized  Algonkian  schists,  so  that,  although  an  unconformity  between 
the  two  was  not  seen,  there  is  abundant  ground  for  believing  that 
one  exists.  Conformably  above  the  quartzite  is  the  Ordovician  dolo- 
mitic  limestone.  (See  PL  IV.)  Added  to  these  local  relations,  the 
general  presence  of  quartzite  at  the  base  of  the  Cambrian  in  many 
localities  to  the  south  and  east,  and  its  absence  in  the  Ordovician, 
leads  to  the  conclusion  that  it  is  of  Cambrian  age. 

ORDOVIOIAV  SYSTEM. 

The  Ordovician  is  represented  by  a  massive  dolomitic  limestone 
which  rests  conformably  above  the  Cambrian  quartzite,  and  hence 
outcrops  in  the  Lemhi  Range  along  its  eastern  margin.  As  exposed 
in  the  steep  wall  east  of  Meadow  Lake,  2  miles  west  of  Gilmore,  the 
formation  is  about  500  feet  thick  and  is  made  up  of  massive  beds 
separated  by  poorly  defined  partings.  Fossils  are  scattered  through- 
out, but  near  the  base  and  top  they  are  especially  abundant. 

The  formation  here  considered  is  assigned  to  the  Ordovician  on  the 
basis  of  fossils  collected  from  the  beds.  Ekiwin  Kirk,  of  the  United 
States  National  Musemn,  examined  two  lots  of  material  from  these 
beds.     His  report  is  as  follows: 

From  the  bottom  of  500-foot  maesive  blue  limestone  outcropping  in  the  east  side  of 
Meadow  Lake  cirque: 

Crepipbra  cf.  ampla. 
Stromatoporoid  (indeterminable). 
Strep telasma  rusticum. 
?Ca]ap(£cia  cf .  huronensis. 
Heliolites  sp. 
Columnaria  alveolata. 


Halysites  gracilis. 
Rhynchotrema  (probably  copax). 
Rhynchotrema  anticostiensis. 
Poorly    preserved    gastropod    (indeter- 
minable). 
Endoceras  sp. 


From  upper  part  of  same  massive  blue  limestone: 


Columnaria  alveolata  (poor). 
Stromatoporoid  (indeterminable). 


Halysites  gracilis. 
Diphyphyllum  sp. 


These  two  lots  seem  to  indicate  unquestionably  the  Richmond  age  of  the  beds  con- 
taining them.  They  include  several  species  that  are  found  in  beds  of  similar  age  in 
New  Mexico,  Colorado,  Utah,  and  Wyoming. 

BrLUBIAir  (1)  SYSTEM. 

Beds  supposed  to  be  of  Silurian  age  rest  conformably  above  the 
Ordovician  dolomitic  limestone  in  the  Lemhi  Range,  but  differ  from 
it  in  being  light  gray  in  color.  They  are  about  200  feet  thick  as  ex- 
posed in  the  west  wall  of  the  Meadow  Lake  cirque,  the  only  locality 
where  they  were  examined.  The  beds  are  meagerly  fossiliferous 
near  the  top. 

Concerning  the  fossil  material  gathered  from  these  beds,  Mr.  Kirk 
says: 

74423*--Bull.  628—13 3 
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The  lot  is  poseibly  referable  to  the  Silurian,  though  the  material  is  in  a  much  poorer 
state  of  preservation  than  that  constituting  the  preceding  two  (Richmond)  lots.  The 
single  specimen  from  this  locality  consists  of  the  external  mold  in  dolomite  of  some 
branching  coral.    It  may  have  been  a  Syringopora.    No  structure  is  shown. 

DXVOVIAV  BT8TBIL 

The  Devonian  is  an  important  division  in  the  southeastern  part  of 
Lemhi  County,  both  by  reason  of  its  thickness  and  because  of  the 
ore  deposits  included  in  it  at  Gilmore.  It  rests  conformably  above 
the  Silurian,  and  the  Mississippian  is  supposed  to  lie  conformably 
above  it.  The  beds  are  well  exposed  along  the  divide  between 
Liberty  and  Silver  Moon  gulches  but  are  so  disturbed  (PL  V,  A)  that 
accurate  measurement  of  their  thickness  is  impossible.  They  are 
also  well  exposed  along  the  divide  between  Liberty  Gulch  and 
Meadow  Lake  Gulch  and  thence  east  along  the  north  wall  of  Liberty 
Gulch.    They  were  studied  principally  along  the  latter  course. 

The  rocks  consist  predominantly  of  beds  from  1  to  20  feet  thick, 
although  they  include  massive  beds  at  two  horizons  at  least — one 
about  400  feet  from  the  base  and  the  other  near  the  top.  Blue  and 
light-gray  dolomitic  limestone  predominate,  but  there  are  numerous 
beds  of  slate  and  some  of  quartzite.  In  many  parts  thin  laminations 
are  conspicuous.  Narrow  siliceous  bands  are  numerous  in  the  shale 
parts,  and  much  of  the  limestone  itself  is  siliceous.  The  Devonian 
as  exposed  here  is  at  least  2,000  feet  thick  and,  as  the  position  of  its 
contact  with  the  Mississippian  was  not  determined,  it  may  be  much 
thicker. 

The  exact  areal  extent  of  the  Devonian  within  Lemhi  County 
was  not  determined.  Its  outcrops  are  to  be  expected  only  east  of 
a  line  extending  from  Spring  Mountain  north  to  the  vicinity  of 
Lemhi  Pass. 

Two  lots  of  fossils  were  procured  from  these  beds.  Mr.  EJrk 
referred  them  to  E.  M.  Kindle  ''as  evidently  having  Devonian 
affinities.''  The  lot  obtained  about  200  feet  above  the  base  of 
the  formation  ''contains  nothing  but  indeterminable  fragments, 
though  apparently  falling  with''  the  other  lot.  The  collection 
from  a  stratigraphic  horizon  approximately  2,000  feet  from  the 
base  "contains  corals  hitherto  referred  by  Kandle  to  the  JcffeiBon 
limestone  (Devonian).  The  only  form  well  enough  preserved  for 
identification  is  a  Cladopora  which  may  be  called  C.  labiosa  with  a 
question." 

CABBOHIFBBOTra  SYSTEM. 
MISSISSIPPIAN   SERIES. 

Mississippian  beds  crop  out  about  the  mouth  of  Long  Cahyon, 
in  the  southeastern  comer  of  the  county,  and  presumably  thence 
southward  beyond  the  limits  of  the  reconnaissance.    The  point  to  the 
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north  where  they  cross  into  Montana  was  not  determined.  Through- 
out their  known  area  they  dip  predominantly  to  the  east.  Their  con- 
tact with  the  Devonian  beds  below  was  not  recognized,  and,  as  the 
known  outcrops  of  the  two  divisions  are  perhaps  half  a  mile  apart,  it  is 
possible  to  assign  only  minimum  values  for  the  thickness  of  each. 
The  upper  limit  of  the  Mississippian  is  even  more  uncertain,  for 
the  Miocene  lake  beds  lap  over  its  eroded  edges.  Thus  only  a  com- 
paratively small  part,  possibly  300  feet  of  the  section,  is  known 
definitely  to  be  of  Mississippian  age.  Here  the  rocks  are  made  up 
of  massive  blue  limestone,  which  at  one  horizon  is  rich  in  fossils. 

A  suite  of  fossils  was  collected  near  the  base  of  the  Jjemhi  Range, 
just  north  of  Diy  Gulch.  George  H.  Girty  has  examined  the  material 
and  his  report  is  givon  below : 

After  careful  examination  of  the  collection  which  you  and  I  made  in  the  Carbonifer- 
ous limestone  Bouth  of  Gilmore,  Idaho,  I  am  able  to  distinguish  the  following  species: 

Lithostrotion  martini,  E.  and  H.  j  Clisiophyllum  teres  Girty. 

Lithostrotion  portlocki  McCoy.  Composita  sp. 

Syringopora  surcularia  Girty.  Fenestella  sp. 

Some  of  the  identifications  are  more  or  less  doubtful.  The  fauna  belongs  in  the 
upper  Mississippian  coral  horizon  of  Utah  and  Idaho. 

CENOZOIC   DEPOSITS. 
TZKTIAKY  STBTEM . 
MIOCENE   LAKE    BEDS. 

Distribution  and  thickness. — From  a  point  near  the  mouth  of  Fourth 
of  July  Creek,  in  the  north-central  part  of  the  county,  southeast- 
ward at  least  90  miles,  and  presumably  much  farther,  extends  a 
belt  of  lacustrine  beds  averaging  about  8  miles  in  width.  Similar 
deposits  occur  in  a  small  area  in  the  Moose  Creek  basin  to  the  west 
(fig.  7),  and  others  probably  lie  beneath  the  wash  which  mantles  the 
floor  of  the  Pahsimeroi  Valley  in  the  south.  The  Prairie  Basin  may  be 
another  such  area,  although  evidence  of  this  is  not  satisfactory. 

The  maximum  thickness  of  these  lake  beds  is  not  known,  but 
Salmon  River  in  the  vicinity  of  Salmon  has  cut  into  them  to  a  depth 
of  1,800  feet.  On  Bohannon  Bar  placer  workings  have  exposed  the 
eroded  edges  of  the  beds  for  about  2  miles,  and  throughout  they 
show  a  uniform  dip  of  20°  to  22°  E.  As  a  hasty  traverse  faUed  to 
reveal  duplication  by  faidting,  it  is  supposed  that  about  4,000  feet  of 
beds  are  present  in  this  exposure. 

Great  as  these  measurements  are,  it  is  believed  that  the  maximum 
thickness  of  the  beds  is  attained  only  near  the  head  or  south  end  of 
the  Lemhi  Valley.  The  depression  in  which  they  were  formed  evi- 
dently drained  southward  (p.  23)  and  less  post-Miocene  erosion  has 
taken  place  at  the  head  of  the  valley.  To  the  south/ in  Custer  County, 
deposits  of  the  same  age  and  of  similar  origin  are  present. 
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Rdations  ajid  constitution. — The  Miocene  lake  beds  occupy  the  bot- 
toms of  deep,  narrow  valleys,  bordered  by  precipitous  waUs  2,000  to 
6,000  feet  high.  The  origin  of  these  valleys  is  of  particular  interest. 
They  may  be  regarded  as  possibly  due  (1)  to  erosion,  (2)  to  down- 
fsulting,  or  (3)  to  down-folding.  Of  these  alternatives,  the  first, 
erosion,  is  believed  to  have  been  the  dominant  factor  in  their  produc- 
tion. The  second  and  third  are  untenable  because  certain  of  thevalleys 
lie  athwart  the  structure  axes  of  the  region.  Direct  observations  show 
that  the  valleys  are  very  cJearly  not  the  product  of  down-folding,  but 
the  down-faulting  hypothesis  can  not  be  so  certainly  refuted  in  this 
way  because  of  the  possibility  that  the  lake  beds  conceal  the  faults 
along  the  sides  of  the  valleys  which  they  occupy.  The  sides  of  Lemhi 
Valley  beneath  the  lake  beds  as  exposed  to  a  depth  of  600  or  700  feet 
in  places,  are  undoubtedly  uregular  surfaces  of  erosion  but  t  is  con- 
ceivable that  these  are  simply  modified  port  ons  of  fault  scarps.  If, 
however,  the  valleys  are  due  to  down  fault  ng  they  must  have  been 
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blocked  out  prior  to  the  deposition  of  the  lake  beds  and  after  the 
elevation  of  the  Eocene  surface,  for  the  lake  which  occupied  the  Lemhi 
Valley  is  shown  by  its  shore  Une  to  have  stood  at  its  maximum 
2,800  feet  beneath  the  plateau  surface.  The  elevation  to  which  the 
lake  beds  lap  up  on  the  older  rocks  is  essentially  the  same  on  the 
narrow  and  on  the  wide  divides  between  streams  which  cross  the 
contact — an  accordance  which,  as  the  rocks  are  of  diverse  resistance 
to  denuding  processes,  should  not  prevail  if  the  upper  littoral  deposits 
have  been  greatly  eroded  at  these  places.  But  there  is  another  reason 
for  believing  that  this  is  approximately  the  old  shore  line.  In  the 
vicinity  of  the  divide  between  I^embi  River  and  Birch  Creek,  where 
even  in  the  central  portion  of  the  valley  the  Miocene  deposits  are  but 
slightly  trenched,  the  marginal  lake  beds  are  csaentinlly  the  same 
distance  {2,800  feet)  beneath  the  plateau  level  as  at  Salmon  City, 
where  present  streams  have  cut  into  them  to  a  depth  of  1,800  feet. 
Thus,  even  if  the  valleys  are  due  to  faulting  it  does  not  invalidate  the 
conclusion  concerning  the  age  of  the  Eocene  erosion  surface  (p.  26). 
In  keeping  with  their  deposition  in  inclosed  basins  bordered  by 
precipitous  walls,  the  Miocene  deposits  vary  greatly  in  composition 
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and  texture,  consisting  chiefly,  in  any  given  place,  of  fragments  of 
rocks  making  up  the  adjacent  highlands.  As  these  rocks  are  largely 
slates,  schists,  and  quartzites  the  beds  are  dominantly  shales,  sili- 
ceous shales,  and  sandstones.  Along  the  margins  and  near  the  north 
end  of  the  basin,  however,  heavy  conglomerates  are  locally  present, 
and  in  the  upper  part  of  the  lake  beds  tuffaceous  material  is  abun- 
dant. The  beds  are  commonly  thinly  laminated  and  vary  in  color 
from  light  gray  to  buff  and  maroon. 

Four  or  five  lignitic  layers,  two  of  which  were  worked  with  indif- 
ferent success  prior  to  the  advent  of  the  railroad,  crop  out  around 
Salmon  and  Baker.  The  lake  beds  also  furnish  a  commercial  build- 
ing stone  from  a  quarry  near  Salmon.  It  is  a  medium  to  coarse 
grained  sandstone  containing  numerous  flakes  of  biotite  and  some 
fragments  of  feldspar.  In  color  it  varies  from  light  gray  through 
flesh-pink  to  intense  maroon,  which  in  places  grades  into  reddish 
yellow. 

A  detailed  section  of  these  Miocene  beds  was  not  worked  out,  but 
a  general  idea  of  their  stratigraphic  variations  may  be  conveyed  by 
describing  exposures  between  the  north  limit  of  the  deposits,  where 
their  base  appears,  and  the  head  of  Lemhi  Valley,  their  highest 
exposure. 

Eleven  miles  north  of  Salmon  three  massive  conglomerate  beds 
aggregating  about  125  feet  in  thickness  are  exposed  along  the  road 
for  3  miles.  They  are  made  up  of  subangular  waterwom  material, 
most  of  it  measuring  less  than  a  foot  in  diameter  but  including  some 
bowlders  4  or  5  feet  across.  The  cement  is  silica  with  some  iron 
oxide.  Southward,  through  transitions  not  exposed,  these  con- 
glomerate beds  dip  beneath  thinly  bedded  sandstones  and  siliceous 
shales  of  buff  color.  Along  the  river  near  Salmon  the  shales  and 
sandstones  continue,  but  side  traverses  to  the  west  reveal  eastward- 
dipping  beds,  with  the  quarry  sandstone  conspicuous  about  halfway 
up  the  slope.  Farther  west  intense  maroon  shales  give  way  to  the 
black  shales  which  inclose  the  lignite.  In  the  latter  locality  altered 
rhyolite,  possibly  a  part  of  the  series,  is  widely  exposed. 

Between  Salmon  and  Baker  the  shaly  lignitic  bed  crops  out  along 
the  river,  and  east  of  it  similar  beds  are  exposed  in  the  placers  along 
Bohannon  Creek.  From  Baker  southward  for  50  miles  there  are  few 
good  exposures  although  abundant  small  outcrops  prove  the  con- 
tinuity of  the  lake  beds.  Near  Gilmore,  however,  more  than  200 
feet  of  the  section  appears  in  some  exposures.  As  seen  in  the  rail- 
road cuts  in  this  vicinity,  the  beds  present  chalk-white  slopes  cut 
across  regularly  bedded  layers  of  light  bluish-gray  fine  volcanic  ash, 
in  places  almost  pumiceous  enough  to  float.  The  bedding  is  shown 
by  slight  changes  in  color,  the  individual  bands  ranging  from  half 
an  inch  to  4  inches  in  thickness.    In  places  thin  layers  of  pebbles, 
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consisting  of  limestone,  slate,  and  quartzite,  are  interbedded  with 
the  tuff,  and  in  other  places  pebbles  and  sand  are  intermixed  with  it. 

These  exposures  suggest  broad  changes  in  the  character  of  the 
deposits  at  different  stages,  from  conglomerates  at  the  base  through 
alternating  sandstone  and  shale  members  to  tuffaceous  beds  at  the 
top.  The  lignitic  beds  are  interpreted  to  mean  that  the  lake  surface 
reached  its  maximum  level  through  a  series  of  stages,  for  though 
many  of  the  carbonaceous  bands  are  doubtless  drift  phenomena, 
others  are  thought  to  represent  marsh  conditions. 

Deformation, — ^The  Miocene  lake  beds  are  broadly  though  not 
intensely  deformed.  Both  folding  and  faulting  have  taken  place, 
but  the  latter  is  not  general,  having  been  noted  in  only  two  places. 
Near  the  coal  mine  west  of  Salmon  a  duplication  of  the  coal  bed 
indicates  a  downthrow  on  the  west  of  possibly  400  feet.  In  the 
Leadville  mine,  near  Jimction,  a  fault  with  at  least  300  feet  displace- 
ment throws  the  lake  beds  against  the  ore  body.  Several  offsets  of 
a  few  feet  were  noted  in  exposures  about  Salmon  and  near  Gilmore. 
Folding  has  affected  the  beds,  but  on  the  whole  they  are  much  more 
nearly  horizontal  than  the  other  stratified  rocks  of  the  area. 

The  beds  dip  in  various  du-ections  but  generaUy  away  from  north- 
south  axes.  About  Salmon  they  incline  20*^  to  25*^  E.  along  both  the 
east  and  west  side  of  the  basin,  but  toward  its  center  they  incUne 
north  or  south.  An  east-west  syncline,  perhaps  100  feet  deep,  is 
exposed  in  the  east  bank  of  Salmon  River  from  Salmon  almost  to 
Carmen  Creek.  Above  the  mouth  of  Carmen  Creek  the  dip  is  20*^  E. 
but  flattens  within  a  short  distance  to  10^  and  near  the  east  limit 
of  the  beds  is  slightly  west.  One  of  the  most  important  movements, 
however,  is  recorded  by  the  broad  east-west  anticline  which  forms 
the  divide  between  the  Lemhi  River  and  Birch  Creek  drainage  basins* 
The  anticline  corresponds  with  the  gradual  increase  in  elevation  of 
both  the  Eocene  surface  and  the  shore  line  of  the  lake  from  Salmon 
to  Gilmore,  the  increase  being  about  2,000  feet. 

Age. — ^The  lake  beds  occupy  broad  deep  valleys  developed  in  the 
Eocene  surface  after  its  elevation  at  or  near  the  close  of  the  Eocene 
epoch.  Considerable  time  must  have  been  required  for  this  excava- 
tion, for  the  streams  not  only  worked  headward  long  distances  but 
they  removed  vast  volumes  of  material,  and  it  is  probably  safe  to 
assume  that  this  interval  of  erosion  occupied  most  of  the  supposedly 
short  Oligocene  epoch.  Thus  from  purely  physical  relations  the  beds 
would  probably  be  assigned  to  the  Miocene  or  Pliocene,  preferably 
to  the  former  because  of  the  amount  of  erosion  which  has  taken 
place  in  them.  Fossil  evidence  also  points  to  the  Miocene.  A  small 
suite  of  material  collected  2  miles  south  of  Salmon  was  examined  by 
F.  H.  Knowlton,  whose  report  follows: 

This  collection  is  small,  conaiflting  of  about  20  small  pieces  of  matrix,  and  repre- 
lents  at  most  only  three  forms.    These  are  a  broad-leaved  grasslike  monocotyledon, 
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which  is  not  further  determinable,  and  two  forme  of  conifers,  Sequoia  anffusttfolia 
Lesquereux  and  Taxodium?  of.  T.  olriki?  Heer. 

Unfortunately  neither  of  these  conifers  is  a  very  good  time  marker,  for  both  have  a 
great  vertical  range.  The  species  first  mentioned  has  been  found  in  the  Oligocene, 
Miocene,  and  somewhat  doubtfully  in  the  Pliocene,  but  it  is  more  abundant  in  the 
Miocene,  liie  other  form,  if  correctly  identified,  would  appear  to  indicate  upper 
Miocene  age.    No  dicotyledons  are  present  in  this  collection. 

In  1895  I  reported  on  a  small  lot  of  material  submitted  by  Geoige  H.  Eldridge  from 
the  vicinity  of  Salmon,  and  presumably  from  a  locality  near  that  which  afforded  the 
present  material — in  any  event  from  the  same  beds.  Owing  to  the  confused  condition 
of  the  collections,  caused  by  moving,  I  have  not  been  able  to  review  this  earlier  col- 
lection, but  I  am  inclined  to  think  that  what  was  then  identified  as  Seqvoia  longs' 
dorfii  is  probably  the  same  as  that  called  8.  angust\folia  in  the  present  material.  Fur- 
thermore, since  that  report  was  made  additional  information  has  been  acquired  con- 
cerning the  vertical  distribution  of  Glyptostrobus  europatus,  which,  though  common 
in  the  Eocene,  is  not  confined  to  that  series.  I  am  therefore  inclined  to  go  a  step 
further  than  at  first  and  to  regard  these  lake  beds  as  Miocene  in  age.  This  is  not  a 
positive  determination,  for  the  material  is  not  sufficiently  abundant  nor  characteristic, 
but  it  seems  that  in  all  reasonable  probability  the  beds  may  safely  be  called  Miocene. 

Gorrdatwn. — It  has  been  shown  above  that  both  physical  relations 
and  fossils  point  to  the  I^ocene  as  the  time  during  which  these  lake 
beds  were  deposited.  Correlation  with  other  Miocene  formations 
in  the  State  is  therefore  feasible,  especially  with  those  which  have 
similar  physiographic  relations.  The  Payette  formation^  widely 
exposed  along  Snake  River  between  Salmon  Falls  and  Weiser  and 
on  to  the  west  in  eastern  Oregon,  was  described  first  as  Miocene^ 
and  later  as  Eocene.'  It  is  made  up  of  detrital  material  from  the 
highlands  adjacent  to  the  erosion  valley  in  which  it  was  deposited. 
Tuffaceous  material  is  also  conspicuous  in  parts  of  the  formation. 
The  thickness  as  recorded  by  Lindgren  is  more  than  1,000  feet  in 
the  vicinity  of  Boise  and  the  base  is  not  exposed.  Locally  the  strata 
are  inclined  as  much  as  50°,  and  the  old  shore  line  is  thought  to  vary 
in  elevation  over  broad  areas  as  much  as  2,000  feet.*  This  opinion 
is  based  on  exposures  near  Hailey,  which  occur  at  elevations  of  6,000 
to  6,900  feet,  or  2,000  feet  higher  than  the  shore  line  in  the  vicinity 
of  Boise.  It  will  be  noted  that  the  Hailey  exposures  correspond  well 
in  elevation  with  the  upper  limit  of  the  lake  beds  in  Lemhi  County, 
and  as  their  character  is  the  same,  the  two  are  probably  to  be  coitc- 
lated.  Russell  *  thought  that  the  Payette  formation  extends  east- 
ward beneath  the  basalts  of  Snake  River,  saying  that  the  known 
data  favor  *'the  hypothesis  that  beneath  the  surface  lava  sheets  in 

1  Lindgren,  Waldemar,  The  mining  districts  of  the  Idaho  Basin  and  the  Boise  Ridge,  Idaho;  with  a 
report  on  the  fossil  plants  of  the  Payette  formation,  by  F.  H.  Know! ton:  Eighteenth  Ann.  Bept  U.  S. 
Geol.  Survey,  pt.  3, 1888,  pp.  633,  720  et  seq.;  The  gold  and  silver  veins  of  Silver  City,  De  Lamar,  and  other 
miniDg  districts  in  Idaho:  Twentieth  Ann.  Kept  U.  8.  QeoL  Survey,  pt  3, 1900,  pp.  03-90.  Russell,  I.  C, 
Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho:  BulL  U.  8.  QeoL  Survey  No.  199, 1902, 
pp.  50-^ 

•  Uodgien,  Waldemar,  Sflver  City  folio  (No.  104),  Geol.  Atlas  U.  8.,  U.  S.  GeoL  Sorroy,  1904»  p.  2;  Nampa 
folio  (No.  103),  idem,  U.  8.  C3eol.  Survey,  1904,  p.  2. 

i  Lindgreo,  Waldemar,  Twenttoth  Ann.  R^t  U.  8.  CtooL  Survey,  pt  8, 1900,  p.  9ft. 

4Op.cit,p.60. 
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its  eastern  part  extensive  beds  of  clay,  sand,  etc.,  do  occur/'  It  is 
thought  that  this  supposition  is  strongly  supported  by  the  relations 
of  the  lake  beds  of  Lemhi  County. 

Deposits  known  as  the  Idaho  formation,  laid  down  in  valleys  cut 
in  the  Payette,  appear  along  Snake  River  in  Idaho.  They  are  of 
PUocene  age,  though  similar  to  the  Payette  and  in  places  grading 
into  it.  Deposits  of  this  age  were  not  recognized  in  Lemhi  County, 
although  it  is  possible  that  the  part  of  the  lake  beds  above  the  lignitic 
strata  may  correspond  to  them. 

Extent  of  the  Miocene  lake, — ^The  present  studies  add  a  large  area 
to  the  known  Miocene  and  Eocene  (?)  lakes  of  Idaho.  It  is  altogether 
probable  that  the  entire  upper  valley  of  Snake  River  was  occupied 
by  an  immense  sheet  of  water  into  which  countless  streams  draining 
rugged  adjacent  areas  carried  vast  volumes  of  detrital  material  and 
on  whose  surface  volcanic  ash  was  showered.  Westward  the  lake 
may,  as  outlined  by  Lindgren,*  have  extended  well  into  Oregon;  and 
eastward  it  is  possible  that  it  reached  beyond  the  Beaver  Head 
Mountains  into  Montana.  At  least,  beds  of  similar  make-up  occur 
west  of  Armstead,  Mont.,  and  extend  beyond  the  Continental  Divide 
into  Idaho  in  the  vicinity  of  Bannock  Pass. 

QTTATE&KABY  STBTSM . 
PLEISTOCENE  DEPOSITS. 

Topographic  features  characteristic  of  glaciation  are  conspicuous 
at  elevations  greater  than  7,500  feet,  although  tongues  of  ice  extended 
down  many  of  the  valleys  to  7,000  feet  and  down  a  few  to  6,500 
and  even  6,000  feet  (Panther  Creek).  Probably  the  largest  single 
body  of  ice  occupied  the  Mackinaw  district,  where  an  area  of  200 
square  miles  was  probably  entirely  covered.  Another  large  ice 
field,  possibly  connecting  with  this  by  way  of  Baldy  Mountain, 
occupied  the  highland  about  Prairie  Basin,  where  the  terminal 
moraine  crosses  Panther  Creek  at  an  elevation  of  6,000  feet.  Within 
these  areas  rolling  surfaces,  lakes  and  marshes,  valley  trains,  U- 
shaped  valleys  (which  give  way  to  V-shaped  valleys  below),  striated 
bowlders,  and  the  like  are  common. 

The  canyons  heading  against  the  Beaverhead  Mountains  and 
Lemhi  Range  north  of  Junction,  are  narrow  up  to  altitudes  of  7,000 
to  7,300  feet,  where  they  abruptly  widen,  the  sides  becoming  steeper 
and  the  floors  broad  and  hummocky.  These  features  continue  until 
the  walls  merge  into  a  steep-sided  amphitheater  or  cirque,  within 
which  a  little  lake  may  be  expected  though  not  always  found.  South 
of  Junction,  owing  to  the  altitude  of  the  main  valley,  many  of  the 
mountain  valleys  are  glaciated  through  their  entire  length.  Their 
terminal  moraines,  pushed  by  the  ice  out  upon  the  valley  flats, 

'  liodgren,  WaJdemar,  Twentieth  Aim.  Kept.  U.  8.  Oeol.  Survey,  pt.  3, 1900,  p.  96. 
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appear  as  crescent-like  ridges.  Such  moraines  are  beautifully 
developed  about  the  mouths  of  Meadow  Creek  gulch  (PI.  V,  B, 
p.  34)  and  of  Long  Canyon.  So  clear  are  the  marks  of  glaciation 
that  the  Pleistocene  serves  as  a  valuable  datum  line  in  the  area. 

IGNEOUS  BOCKS. 
ARCHEAN   GNEISS. 

Coarse-textured  granite  gneiss  occupies  a  broad  area  in  the  north- 
western part  of  the  county.  It  is  typically  developed  in  the  canyon 
sides  about  Shoup,  along  the  lower  course  of  Big  Creek,  and  on 
Owl  Creek. 

The  formation  is  separated  from  the  overlying  schists  by  a  pro- 
found erosional  unconformity,  clearly  shown  in  a  few  small  exposures 
along  the  road  from  Shoup  to  the  Kentuck  mine.  In  most  places 
weathered  particles  of  gneiss  enter  into  the  lower  few  feet  of  the 
schist,  forming  an  arkose,  but  elsewhere  coarse  undecomposed  feld- 
spar crystals  appear  at  the  very  contact.  (See  PI.  VI,  B.)  The 
gneiss  is  thought  to  be  an  intrusive  rock,  although  the  local  evidence 
of  this  is  little  more  than  suggestive.  In  a  few  places  within  the 
gneiss  are  small  masses  (up  to  4  feet)  of  fine-grained  micaceous 
material.  A  conspicuous  example  appears  in  the  face  of  a  large 
block  which  Ues  beside  the  trail  about  one-fourth  mile  above  Shoup. 
As  seen  in  the  field  these  areas  suggest  inclusions  of  mica  schist, 
and  such  they  may  be,  but  if  so  they  have  assumed  a  mineralogic 
make-up  very  similar  to  that  of  the  gneiss,  save  for  a  higher  percent- 
age of  biotite.  From  the  broad  theories  of  geology,  however,  and 
as  in  most  places  where  similar  granitic  rocks  have  been  thought  to 
be  portions  of  an  original  earth  crust  they  have  proved  to  be  intrusive 
into  older  sediments,  the  rock  is  believed  to  be  intrusive.  Because 
of  its  relation  to  the  overlying  Algonkian  it  is  assigned  to  the 
Archean. 

The  gneiss  presents  a  striking  appearance  in  natural  exposures. 
Numerous  large  feldspar  crystals,  crushed  into  thick  lenses,  inter- 
leave one  with  another,  separated  only  by  bands  of  biotite  which 
bend  about  them.  Quartz,  all  of  which  is  crushed,  is  scattered 
through  the  biotite  bands  and  among  fragments  of  feldspar.  Mag- 
netite crystals  are  scattered  through  the  finer-grained  parts.  The 
feldspar  crystals  on  account  of  their  length,  which  probably  averages 
1  to  2  inches  and  over  large  areas  3  to  4  inches,  are  most  resistant 
to  weathering  and  present  a  nodular  aspect  on  exposed  surfaces. 
They  are  especially  coarse  near  the  mouth  of  Beaver  Creek,  where 
one  individual  measured  18^  inches.  Plate  VI,  A,  illustrates  a 
typical  specimen. 

Microscopically  examined,  the  rock  is  seen  to  be  made  up  of 
orthoclase  with  micropegmatite,  quartz,  and  biotite  m  ^viX^t^lbxAi^ 
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though  conspicuous  amounts.  Oligoclase,  muscovite,  apatite,  mag- 
netite; and  diopside  are  accessory  and  decreasingly  important  in 
the  order  named.  Many  of  the  feldspars  are  crushed;  many  of  the 
biotites  are  broken  and  bent  and  others  recrystallized;  quartz  is 
fractured;  and  apatite  crystals  show  many  cross  cracks. 

The  schistosity  planes  vary  markedly  in  attitude  from  place  to 
place,  some  being  flat  but  most  of  them  dipping  at  a  high  angle 
southwest  and  a  few  northeast.  The  prevailing  strike  is  about 
N.  20°  W. 

LATE  CRETACEOUS  OR  EARLY  EOCENE  GRANITE. 

Granitic  rock  is  widely  exposed  in  Big  Creek  canyon  and  along 
Salmon  River  from  Shoup  eastward  to  Dump  Creek,  but  on  the 
adjacent  uplands  it  is  concealed  by  the  Algonkian  sedimentary  rocks. 
The  occurrence  west  of  Salmon,  where  it  fonns  the  divide,  is  an 
exception.  The  rock  is  also  exposed  about  the  head  of  Yellow  Jacket 
Creek  and  at  three  places  along  the  western  slope  of  the  Beaver- 
head Mountains;  one  near  the  head  of  Boyle  Creek,  another  in  the 
northern  part  of  the  NichoUa  district  and,  intermediate  between  the 
two,  a  dioritic  facies  in  the  canyon  of  Little  Eightmile  Creek. 

The  granite  is  of  light-gray  color  and  of  medium  texture,  with  some 
phenocrystic  development  of  feldspars.  In  the  field  it  appears  to  be 
fairly  uniform  in  composition,  but  when  it  is  examined  in  thin  seo* 
tions  it  shows  marked  variations.  The  persistent  constituents  are 
orthoclase,  quartz,  and  biotite,  although  the  biotite  is  rather  variable 
in  amount.  Among  accessory  minerals  zircon,  apatite,  and  magne- 
tite are  usually  present.  Microclino  is  locally  very  abundant  (Queen 
of  the  Hills  mine)  as  is  also  perthite,  and  the  more  acidic  varieties 
of  plagioclase  feldspar  are  generally  represented.  Indeed,  it  is  prob- 
able that  more  detailed  studies  will  estabUsh  all  gradations  between 
the  normal  granite,  the  quartz  diorite  exposed  on  little  Elightmile 
Creek,  and  that  found  in  the  Texas  and  Spring  Mountain  districts, 
where  no  orthoclase  was  noted.  The  quartz  diorite  is  a  dark-gray 
fine-grained  holocrystafline  rock  composed  of  plagioclase  (about  oligo- 
dase)  and  a  httle  orthoclase,  quartz,  biotite,  and  hornblende. 

In  the  northern  part  of  the  State,  in  tlie  Bitterroot  Range  and  the 
Clearwater  Moimtains,  where  granitic  rock  prevails,  its  general  com- 
position is  near  that  of  quartz  monzonite,  althougli  gradations  to 
normal  granite  on  the  one  hand  and  to  diorite  on  tlie  other  are 
recorded.^  Also  in  the  southern  part  of  the  State,  in  the  Wood  River 
district,  the  granite  and  diorite  blend  into  each  othor.^ 

1  Lindgren,  Waldemar,  A  geological  reconnaissance  across  tho  Bitterroot  Range  and  Clearwater  Moan- 
tains  in  Ifontana  and  Idaho:  Prof.  Paper  U.  8.  Qeol.  Survey  No.  27, 1004.  pp.  17-20. 

*  Lindgren,  Waldemar,  The  g(Ad  and  silver  veins  of  Sil\'er  City,  De  Lamar,  and  other  mining  districts  in 
Idaho:  Twentieth  Ann.  Rept.  U.  S.  Qeol.  Survey,  pt.  3,  1900,  p.  195.    For  extent  of  granite 
PI.  VIII. 
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The  granite  is  clearly  post-CarboniferouS;  and  in  the  northern  part 
of  the  State  its  relation  to  supposed  Triassic  sediments  shows  it,  with 
the  same  degree  of  certainty,  to  be  post-Triassic.  Truncated  by  an 
Eocene  erosion  surface,  the  granite  is  clearly  older  than,  say,  middle 
Eocene.  Narrower  hmitations  are  not  afforded  within  the  present 
area,  but  broad  considerations  lead  to  the  opinion  that  the  granite 
was  intruded  during  late  Cretaceous  or  early  Eocene  time.  It  has 
been  shown  (p.  25)  that  Eocene  erosion,  probably  developing  a  con- 
tinuous surface  of  gentle  relief,  operated  over  much  of  Idaho,  western 
Montana,  northeastern  Washington,  and  northward  into  the  Interior 
Plateau  of  Canada.  One  of  the  evidences  that  tliis  surface  is  of 
Eocene  age  is  the  vast  volume  of  Eocene  sediments  which  border  it. 
It  is  noteworthy  (fig.  6,  p.  28)  that  the  granite  is  widely  exposed 
within  the  eroded  area  but  is  absent  within  the  area  of  Eocene  sedi- 
ments. It  is  scarcely  conceivable  that  a  magma  of  the  magnitude 
of  the  one  here  represented,  which  occupies  a  large  part  of  Idaho 
and  extends  into  adjoining  States,  could  intrude  the  formations  of 
the  region  without  being  accompanied  by  an  extensive  raising  of  the 
general  surface.  Granting  that  the  granitic  intrusion  caused  or 
accompanied  a  profound  elevation  of  the  area  which  supplied  the 
Eocene  sediments,  it  remains  to  be  ascertained  whether  or  not  it 
determined  the  particular  elevation  involved.  Neither  Jurassic  nor 
Cretaceous  sediments  show  any  special  development  adjacent  to  this 
area,  and  those  of  Triassic  age  are  supposed  to  have  crossed  it. 
These  general  considerations  lead  the  writer  to  the  belief  that  the 
broad  elevation  which  resulted  in  the  Eocene  surface  accompanied 
the  granitic  intrusions  and  therefore  that  the  granite  is  of  late  Cretan 
ceous  or  early  Eocene  age. 

If  this  assignment  of  the  Idaho  bathohth  is  correct,  it  is  much 
younger  than  the  great  intrusive  body  of  the  Sierra  Nevada  of  Cah- 
fomia  and  is  probably  younger  than  the  Coast  Range  bathoUth  of 
British  Columbia  and  Alaska.  The  former  is  definitely  known  to  be 
of  late  Jurassic  or  early  Cretaceous  age;  ^  the  latter  is  less  definitely 
assigned  to  the  early  Ch*etaceous.^ 

DIKES. 
DISTRIBUTION  AlTD  CHABACTS2. 

Dikes  are  widespread  in  Lemhi  County  and  locally  are  very  numer- 
ous. They  attain  their  maximum  numerically  in  the  YeUow  Jacket 
district  in  the  west-central  part  of  the  county,  where  twenty-five  or 
thirty  averaging  20  to  50  feet  in  width  parallel  each  other  along  a 
belt  perhaps  a  mile  wide.     They  are  also  conspicuous  about  Shoup 

1  Diller,  J.  S.,  Geology  of  the  Taylorsvflle  regkn,  Calilamia:  BulL  U.  S.  Oed.  Survey  No.  353, 1908,  pp. 
89-90.    Abo  atio  the  namerous  folios  of  the  Geologic  Atlas  oowlng  parts  of  the  Siem  Nevada. 

<  Knopf,  Adolph,  Geology  and  mineral  resouroes  of  the  Eagle  River  rsfioOy  Alaska:  Bull.  U.  8.  Geol.  Sur- 
vey No.  502, 1912,  p.  27. 


44        GEOLOGY  AND  ORE  DEPOSITS  OF  LEMHI  COUNTY,  IDAHO. 

and  in  the  southern  end  of  Lemhi  Range.  Along  the  Continental 
Divide  and  in  the  Eureka,  Mackinaw,  and  Oibbonsville  districts  dikes 
are  rare,  but  in  the  Blackbird  and  Indian  Creek  districts  they  are 
common. 

These  intrusives  range  in  width  from  a  few  inches  to  1,000  feet 
(Spring  Mountain),  those  about  40  feet  across  being  most  abundant. 

The  dikes  of  the  area  present  many  types  of  rock,  but  granite  and 
rhyolite  porphyries,  diorites,  and  quartz  diorites  are  most  numerous. 
Lamprophyres  (minettos  and  vogesites),  aplites,  and  pegmatites 
appear  locally,  as  do  also  gabbro,  basalt,  and  dacite,  syenite,  trachyte 
porphyries  and  peculiar  monzonites.  In  the  following  sections  each 
kind  is  described  briefly  and  its  known  distribution  outlined.  It  is 
noteworthy  that  the  different  kinds  seem  to  occur  in  all  associations. 


The  granite  porphyry  dike  rock  varies  in  appearance  from  coarse 
porphyritic  rock  with  phenocrysts  of  orthoclase  as  much  as  an 
inch  in  length  and  quartz  of  wheat-grain  size  thickly  set  in  a  fine- 
grained blue-gray  groundmass  to  a  light-gray  rock  of  almost  equi- 
granular  texture.  Intermediate  between  the  two  extremes  is  a 
dark-gray  variety  studded  with  orthoclase  and  quartz  crystals  from  an 
eighth  to  a  quarter  of  an  inch  in  length.  Biotite  is  commonly  present. 
Granite  porphyries  were  noted  in  the  Mineral  Hill^  Mackinaw,  and 
Jimction  districts,  in  the  northern  part  of  the  county. 

Dikes  of  rhyolite  porphyry  occur  in  the  above-named  districts  and 
also  in  many  places  in  the  lava-covered  belt  defined  later.  They  are 
commonly  light  gray  to  dove-colored,  but  in  places  pale  shades  of 
green  or  brown  predominate.  Although  they  are  similar  to  the 
granite  porphyries,  their  crystallization  is  much  less  advanced,  the 
groundmass  being  glassy  to  microcrystalline  and  constituting  perhaps 
three-fourths  of  the  volume. 

Dikes  of  quartz  diorite  porphyry  have  pernaps  a  wider  geographic 
distribution  in  the  area  than  those  of  any  other  tyi)e,  although  in  no 
place  are  they  very  abundant.  They  are  found  throughout  the  south- 
east part  of  the  county  and  in  the  Yellow  Jacket,  Gibbonsville,  and 
Mineral  Hill  districts.  On  account  of  their  brilliant  medium-sized 
feldsi)ar,  quartz,  biotite,  and  some  hornblende  crystals,  sot  in  a  fine- 
grained variegated  groundmass  of  the  same  material,  these  rocks  are 
the  most  beautiful  found  in  the  area. 

Diorite  and  diorite  porphyry  dikes  occur  inconspicuously  in  many 
parts  of  the  county,  but  attain  a  marked  development  about  the  head 
of  the  Lemhi  Valley,  They  vary  considerably  in  texture  but  are 
conmionly  medium  to  fine  grained  and  about  equigranular.  The 
constituent  minerals  are  plagioclase  (oligoclase-andesine),  hornblende, 
biotite,  and  a  little  quartz. 
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Rocks  of  the  lamprophyre  class  are  represented  by  minette  and 
vogesite.  They  are  fine  grained  and  dark  gray  to  blue-black  in  color. 
A  typical  minette  from  the  Brooklyn  claim,  in  the  Blackbird  district, 
in  the  northwestern  part  of  the  county  (see  PL  VII,  A),  consists  of 
biotite  (possibly  40  per  cent),  orthoclase,  a  little  plagioclase,  and 
chance  crystals  of  hornblende.  Rutile  is  beautifully  developed  as 
thin  needles  in  the  biotite,  oriented  along  the  directions  of  its  percus- 
sion figures.  Micropegmatite  is  common  though  not  abundant  as  an 
interstitial  filling.  Apatite  is  an  abundant  accessory  mineral,  and 
titanite  is  rare.  Epidote  and  zoisite  are  secondary.  Structurally 
this  rock  is  characterized  by  a  phenocrystic  development  of  biotite, 
which  is  set  in  a  groundmass  of  feldspar  and  biotite.  Thus  there  are 
two  distinct  generations  of  biotite. 

Vogesite  from  Geertson  Creek  canyon  consists  of  orthoclase  and 
hornblende  (estimated  as  40  per  cent),  with  subordinate  amounts  of 
micropegmatite,  quartz,  and  plagioclase.  Scattered  through  the  rock 
are  fragment-like  grains  of  quartz  as  much  as  3  or  4  millimeters  in 
diameter.  These  are  surroimded  by  clusters  of  hornblende  needles 
which  in  places  are  embayed  in  the  quartz  near  its  margin.  Apatite, 
titanite,  and  rutile  are  accessory.  (See  PL  VII,  B.)  The  structure 
of  the  vogesites  is  dominated  by  a  phenocrystic  development  of  lath- 
shaped  hornblendes. 

Lamprophyric  dikes  were  noted  at  places  along  the  Continental 
Divide  north  of  Agency  Creek  and  in  the  Blackbird  and  Yellow  Jacket 
districts. 

A  biotite-rich  rock,  perhaps  best  classified. as  biotite  monzonite, 
although  closely  related  to  the  lamprophyres  in  composition,  occurs 
near  the  Italian  mine,  in  the  Leesburg  basin.  It  is  a  dark-gray  fine- 
grained equigranular  rock,  which  in  the  hand  specimen  seems  to  be 
made  \\p  of  about  equal  amounts  of  orthoclase  and  ferromagnesian 
minerals.  On  microscopic  examination  it  is  seen  to  be  inequigranular 
and  composed  of  orthoclase,  biotite  (estimated  as  20  per  cent),  albite, 
oligoclase,  and  quartz,  the  last  in  very  subordiftate  amounts.  Abun- 
dant apatite  and  less  titanite  and  diopside  are  accessor}^.  Zoisite 
and  epidote  are  secondary.     (See  PL  VIII,  A.) 

A  similar  rock,  but  rich  in  hornblende  and  containing  more  sodic 
feldspar,  occurs  near  the  Yellow  Jacket  mine  and  is  classified  as  horn- 
blende monzonite.  (See  PL  VIII,  B.)  It  contains  about  20  per  cent 
of  hornblende  and  5  per  cent  of  biotite.  Plagioclase  (principally  oligo- 
clase) is  slightly  in  excess  of  orthoclase.  Quartz  is  conspicuous 
though  not  abundant.  Micropegmatite  is  beautifully  developed 
locally.  Apatite,  rutile,  and  titanite  are  the  chief  accessory  minerals; 
calcite,  epidote,  and  zoisite  are  secondary. 

Dikes,  probably  to  be  classed  as  pegmatites,  appear  near  the  lower 
granite  contact  on  Pine  Creek,  in  the  northwestern  part  of  the  county. 
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They  are  light  gray  and  are  made  up  principally  of  feldspar,  quartz, 
and  muscovite.  The  small  number  of  pegmatite  dikes  about  the 
border  of  the  granite  mass  is  noteworthy  and  seems  to  be  a  feature 
characteristic  of  the  entire  Idaho  batholith,  as  from  no  place  about 
its  border  have  important  pegmatites  been  reported. 

Aplitic  dikes  are  well  developed  in  the  Indian  Creek  district  in  the 
northern  part  of  the  coimty.  They  are  light-gray  fine-grained  micro- 
crystalline  feldspathic  rocks  sparsely  studded  with  quartz  grains  per- 
haps as  large  as  a  pinhead. 

Oabbro  was  seen  only  in  the  Blackbird  district.  It  is  a  blue-black 
holocrystalline  rock  consisting  of  pale-green  hornblende,  diopaide, 
plagiodase  (oligoclase-andesine),  and  biotite,  with  accessory  pyriiio- 
tite,  pyrite,  titanite,  and  apatite. 

A  mottled  gray  rock,  made  up  of  feldspar  crystals  as  much  as  an 
inch  in  length  set  in  a  finely  crystalline  groundmass  which  constitutes 
perhaps  half  the  mass,  occurs  near  Yellow  Jacket  and  is  classed  as 
monzonite  porphyry.  In  the  specimen  studied  phenocrysts  of  ande»- 
ine,  oligoclase,  and  orthoclase  occur  in  about  equal  amounts.  The 
groundmass  is  not  determinable. 

Dikes  of  basalt  occur  in  a  few  places  in  the  Oibbonsville  and  Mineral 
Hill  districts  as  narrow  fillings,  but  none  of  them  are  important. 

Dikes  of  dacite  porphyry  have  been  produced  by  quartz  diorite 
intrusions  that  entered  very  narrow  fissures. 

Syenite  porphyry  was  noted  at  only  one  place,  one-fourth  of  a  mile 
south  of  Noble,  in  the  northern  part  of  the  county,  but  has  been 
reported  from  the  Yellow  Jacket  district.  The  rock  seen  is  light  gray, 
coarse  to  medium  grained  porphyritic,  with  phenocrysts  of  orthoclase, 
scattered  hornblende,  and  a  very  few  quartz  grains.  The  rock  is 
generally  badly  altered,  much  zoisite,  sericite,  and  epidote  being 
developed. 

AGS  OF  DIKBB. 

Representatives  of  all  the  types  of  dikes  above  described  were  trun- 
cated by  the  Eocene  erosion,  and  as  none  of  them  bears  evidence  of 
being  older  than  the  granite  and  some  are  inclosed  in  it,  it  is  probably 
safe  to  assume  that  they  are  all  younger  than  the  granite.  Thus  it 
appears  that  dikes  of  the  varieties  here  described  were  intruded  after 
the  granite  and  before  the  close  of  the  Eocene — in  other  words,  after 
the  Archean  period  of  igneous  activity  and  before  the  late  Tertiary. 
These  dikes  are  therefore  considered  a  later  phase  of  the  late  Mesozoic 
or  early  Tertiary  volcanic  epoch,  of  which  the  great  granite  batholith 
of  Idaho  is  the  dominant  expression.  Although  most  of  the  dikes  of 
the  area  are  thought  to  belong  to  this  group,  it  can  not  be  assumed 
that  they  all  do,  for  obviously  there  are  intrusive  facies  of  the  late 
Tertiary  lavas.  On  the  other  hand  one  of  the.  diorite  dikes  (possibly 
a  sill)  found  at  Oibbonsville  is  sheared  and  jointed  in  a  manner  to 
suggest  that  it  is  older  than  the  granite. 
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TEBTIABT  LAVAS. 

'  A  great  belt  of  Tertiary  Utob  extends  from  a  point  near  the  Beaver 
Head  Mountains  on  Agency  Creek  southwestward  past  Parker  Moun- 
tain. These  lavas  occupy  sunuuits  and  valleys,  Salmon  Canyon  being 
cut  in  them  most  of  the  way  from  Sahnon  up  to  the  mouth  of  Pah- 
simeroi  Kiver,  and  the  highest  summits  on  either  aide  being  capped 
by  them.  Smaller  areas  of  volcanic  rocks  appear  west  of  Gibbonsville, 
on  Moose  Creek,  and  in  the  south  end  of  the  Leesburg  basin. 

TTie  lavas  include  rhyolitcs,  andesites  latites,  basalts,  trachytes 
and  dacitcs,  the  last  two  being  very  subordmate  in  amount     Rhyo- 
lites  are  perhaps  most  widespread  bemg  extensively  developed  m  the 
Parker  Mountain  and  Gravel  Eangc 
districts,    along    Salmon    Canyon 
above  Salmon,  north  of  Junction 
along  Naptas  Creek  below  California 
Bar,  and  near  Noble.    They  are 
commonly  light  gray  and  ^ow  dis- 
tinct flow  lines.    Orthoclase  and  a 
little  biotite  appear  as  scattered 
pheiKMsysts  in  a  cryptocrystallme 
groundmass,    which   is    made  up 
largely  of  microlites  of  feldspar 
but  which  becomes  glassy  locally 

Second  in  importance  perhaps 
are  andesites,  which  have  much  the 
same  distribution  as  the  rhyolites 
except  that  they  are  very  subordi- 
nate in  the  Gravel  Range  and  Parker  Mountain  districts.  They  pre- 
sent a  variety  of  colors  from  dark  resinous  brown  through  many  shades 
of  pink  and  purple  to  gray.  In  general  the  microcrystalline  ground- 
mass  predominates  over  the  phenocrysts,  which  are  plagioclase  (about 
oligoclase-andesine) ,  biotite,  hornblende,  and  in  some  of  the  flows 
(as  on  Salmon  River  south  of  Salmon)  augite. 

Latites  are  also  present  in  the  aeries,  but  in  what  proportion  is  not 
known.  A  specimen  of  what  was  thought  from  microscopic  study  to 
be  a  typical  andesite  proves  on  partial  chemical  analj^is  to  be  a  latite. 
It  is  possible  that  other  of  the  andesitos  would  prove  on  analysis  to  be 
latites. 

The  analysis  follows: 

Partial  anah/$it  of  tatiU/rom  divide  on  the  YtUovi  Jackel-Fomey  road,  Idaho. 
|W.T.  8(ti*llK,aiulTM.| 
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The  rock  is  a  porphyritic  lava  of  purplish  hue  in  which  phenocryBts 
are  slightly  subordinate  to  the  groundmass.  The  groundmass  is 
microcryptocrystalline  and  is  studded  with  phenocrysts  of  plagioclase 
(about  oligoclase-andesine),  and  a  few  of  hornblende  and  biotite. 
The  f  erromagnesian  minerals  are  commonly  surrounded  by  resorption 
zones,  some  of  which  entirely  replace  the  crystal.  From  the  micro- 
scopic studies  there  appears  to  be  little  doubt  that  most  of  the  potash 
and  much  of  the  silica  is  in  the  groundmass. 

Basalts  also  are  widespread,  perhaps  reaching  their  maximum 
development  just  below  the  confluence  of  Pahsimeroi  and  Salmon 
rivers  and  in  the  hills  about  Agency.  A  noteworthy  occurrence  is 
near  the  summit  of  Baldy  Mountain.  They  are  fine-grained  bluish- 
black  rocks  of  normal  composition,  except  that  oUvine  is  absent  in 
some  places  (Agency  Oreek)  and  is  very  conspicuous  in  others  (Baldy 
Mountain).  Should  this  difference  prove  sufficiently  persistent  to 
define  two  ages  of  basalt  that  of  Baldy  Mountain  will  be  the  older. 

A  specimen  which  proves  to  be  dacite  was  procured  near  the  junc- 
tion of  Phelan  and  Napias  creeks.  It  resembles  the  andesites  of  the 
same  locality,  but  contains  phenocrystic  quartz  and  some  hypers- 
thene. 

Trachyte,  similar  to  rhyolite,  but  without  quartz,  was  noted  in  thin 
beds  in  the  Gravel  Range  and  Parker  Mountain  districts. 

All  the  lavas  occupy  valleys  developed  after  the  elevation  of  the 
Eocene  erosion  surface,  and  so  far  as  seen  all  are  thought  to  be  pre- 
glacial.  In  some  places,  however,  they  underlie  the  Miocene  lake 
beds  (mouth  of  Williams  Creek),  in  others  they  are  interbedded  (?) 
with  those  beds  (3  miles  west  of  Salmon),  and  in  still  others  are 
poured  out  upon  their  extensively  eroded  surface.  From  these  rela- 
tions it  appears  that  the  lavas  date  from  late  Oligocene  or  early 
Miocene  to  about  the  close  of  the  PUocene.  Of  the  different  types  of 
lava  rock,  basalts  predominate  among  the  youngest  and  probably 
rhyolites  predominate  among  the  oldest,  although  alternations  seem 
to  be  present  throughout.  This  general  succession  of  eruptive  rocks 
corresponds  with  that  recorded  for  southwestern  Idaho.* 

EPITOME  OF  GEOLOGIC  HISTORY. 

The  geologic  history  of  the  area  includes  granitic  intrusion  fol- 
lowed by  profound  metamorphism,  erosion,  and  sedimentation  in 
pre-Cambrian  time,  and  sedimentation  in  Cambrian,  Ordovician, 
Silurian (?),  Devonian,  and  early  Carboniferous  time.  After  the 
Paleozoic  the  record  is  not  legible  until  rocks  are  reached  that  repre- 
sent late  Cretaceous  or  early  Eocene  time,  in  wliich  the  granite  mass 
of  central  Idaho,  which  forms  one  of  the  larger  bathoUths  of  the 

>  Lindgren,  Waldemar,  and  Drake,  N.  A.,  Silver  Qty  foUo  (No.  104),  Qeol.  AUas  U.  8.,  U.  8.  Oeol.  Sor- 
Tcy,  1004,  p.  3. 
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North  American  Continent,  formed  beneath  the  area.  The  Eocene 
epoch  was  spent  in  reducing  the  uplift  which  is  thought  to  have 
accompanied  the  granite  intrusion.  After  the  area  had  been  reduced 
well  toward  the  base  level  of  erosion  it  was  elevated  to  about  8,500 
feet  above  the  sea,  and  a  new  physiographic  cycle  was  begun.  The 
rejuvenated  streams  developed  broad  valleys,  in  places  5,000  feet  or 
more  deep,  and  in  these  valleys  extensive  lake  beds  were  formed 
during  Miocene  time.  During  the  Miocene  also  lavas  were  poured 
out  and  at  its  close  thick  beds  of  tuff  were  formed.  Since  then 
erosion  has  been  dominant,  the  drainage  being  southward  at  first 
and  later  westward,  through  Salmon  Canyon,  lavas  being  again 
poured  out  after  this  change  in  the  direction  of  the  drainage.  During 
the  Pleistocene  epoch  glaciers  capped  the  summits  and  occupied  the 
larger  valleys  down  to  elevations  of  about  7,000  feet,  rarely  to  6,000 
feet. 

The  area  has  passed  tlirough  several  periods  of  diastrophic  move- 
ment. Each  of  the  four  older  formations  is  metamorphosed,  faulted, 
and  folded  more  than  the  one  next  younger.  Broad  and  pronounced 
elevation  took  place  at  the  beginning  and  at  the  close  of  the  Eocene 
and  to  a  subordinate  extent  after  the  end  of  Miocene  time,  the 
post-Miocene  uplift  being  recorded  by  minor  faulting  and  folding 
in  the  lake  beds  and  by  an  east-west  anticline  through  the  Texas 
district. 

It  is  noteworthy  that,  although  since  the  earliest  Paleozoic  time 
no  important  regional  metamorphism  has  been  recorded  in  the  area, 
yet  the  schists  and  gneisses  of  pre-Cambrian  age  record  profound 
dynamic  disturbances. 

ORE  DEPOSITS, 

OENEBAL  FEATTJKES. 

CHARACTER   OF   DEPOSITS. 

The  principal  ore  deposits  found  in  Lemhi  County,  Idaho,  are 
fissure  veins  and  replacement  deposits  along  shear  zones.  In  some 
places  the  metallic  minerals  occur  in  joints  and  crevices  in  the  country 
rock  (Italian  mine),  but  elsewhere  replacement  has  occurred  along 
bedding  and  joint  planes  (fig.  15,  p.  106).  Again,  ore  minerals  occur 
as  disseminations  in  the  country  rock  (Beliel  group  of  claims)  and 
possibly  even  as  magmatic  segregations  in  diabase  (Togo  claim). 
In  general,  however,  the  deposits  are  tabular  and  clearly  to  be  classed 
as  veins.  Two  epochs  of  mineralization  are  recognized — late  Cre- 
taceous or  early  Eocene  and  late  Miocene  or  early  Pliocene.  All 
the  deposits  except  a  small  group  of  gold-silver  veins  belong  to  the 
former  epoch.  The  deposits  may  be  grouped,  according  to  the  leading 
metal  contained,   as  gold,   lead-silver,  copper;  cobalt-xuckel,   and 
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tungsten  deposits,  and  they  will  be  treated  in  the  order  named.  In 
the  past  only  the  first  four  metals  have  been  produced,  but  recently 
tungsten  has  been  exploited,  and  in  the  future  the  cobalt  and  nickel 
deposits,  though  of  low  grade,  will  probably  be  worked.  The  total 
production  of  the  county  is  about  S20,000,000,  two-thirds  of  which 
has  come  from  gold,  three-fourths  of  the  remainder  from  lead,  and 
the  balance  from  silver  ores,  save  for  about  $40,000  derived  from 
copper. 

DISTRIBUTION. 

For  several  years  after  the  discovery  of  gold  placers  on  Napias 
Creek  in  1866  and  of  lode  deposits  at  Yellow  Jacket  in  1868  gold 
was  the  principal  metal  sought.  About  1880,  however,  leadndlver 
deposits  were  discovered  near  Nicholia,  in  the  southwest  part  of  the 
county,  and  were  exploited  successfully  diuing  the  next  decade.  This 
led  to  the  locating  of  many  lead-silver  properties  in  adjoining  areas, 
and  although  most  of  them  were  not  worked  for  several  years  some  of 
them  have  recently  proved  to  be  among  the  most  valuable  lode  de- 
posits known  in  Lemhi  County.  Copper  has  played  a  very  subordinate 
part  in  the  economic  development  of  the  area.  It  was  first  recog- 
nized in  1883,  when  the  Copper  Queen  mine  was  located,  but  as  this 
property  at  that  time  was  held  for  gold  perhaps  the  first  copper 
locations  may  be  considered  as  those  made  in  1896  in  the  Blackbird 
and  Mackinaw  districts.  Nickel  and  cobalt  were  first  recognized  in 
1901,  and  tungsten  was  discovered  in  1903  on  Patterson  Creek. 

Nineteen  mining  districts,  including  nearly  all  the  upland  area 
except  that  adjacent  to  Salmon  Canyon  above  Salmon,  are  recog- 
nized in  Lemhi  County.  Their  position  and  approximate  area 
are  shown  on  Plate  I  (in  pocket).  Grold  is  the  most  widely  distributed 
valuable  metal,  occurring  in  commercial  quantities  in  all  the  districts 
except  three  located  about  the  headwaters  of  Lemhi  River.  Silver 
generally  accompanies  the  gold,  but  in  very  subordinate  amounts,  its 
chief  occurrence  being  in  the  lead  ores  which  are  found  only  about 
the  head  of  Lemhi  Valley.  Copper  occurs  in  a  broad  belt  extending 
across  the  center  of  the  county  from  east  to  west,  and  in  the  vicinity 
of  Spring  Mountain  in  the  southeast  part  of  the  area.  Cobalt  and 
nickel  have  been  recognized  only  in  the  Blackbird  district,  40  miles 
southwest  of  Salmon.  Tungsten,  so  far  as  known,  is  confined  to  a 
small  area  adjacent  to  Patterson  Creek,  near  the  head  of  Pahsimeroi 
Valley. 

GEOLOGIC  RELATIONS. 

The  geologic  history  of  the  area  includes  the  formation  of  great 
granitic  masses  in  Archean  time,  probably  as  batholithic  intrusions; 
extensive  sedimentation  in  the  Algonkian;  deposition  of  dolomitic 
Jimestones^  limestones;  shales,  and  quartzites  in  the  Paleozoic;  gran* 
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ite  intrusions  in  the  late  Cretaceous  or  early  Tertiary,  foDowed  by  the 
intrusion  of  dikes  of  various  kinds;  profound  erosion  in  the  Eocene; 
flows  of  lava  and  sedimentation  in  lakes  in  the  Miocene  and  Plio- 
cene ( ?) ;  and  glaciation  of  areas  higher  than  7,000  feet  in  the  Pleis- 
tocene. 

The  Archean  gneiss  occupies  the  northwestern  part  and  the  Paleo- 
zoic sedimentary  rocks  the  southeastern  part  of  the  county;  between 
them  is  a  broad  belt  of  Algonkian  sedimentary  rocks.  Granite  is 
most  widely  exposed  west  of  Salmon,  but  isolated  patches  are  reported 
at  three  widely  separated  places  along  the  Beaverhead  Moimtains. 
Dikes  appear  in  all  parts  of  the  coimty  but  are  most  numerous  in  the 
vicinity  of  granite  outcrops.  Tertiary  lavas  extend  in  a  broad  belt 
from  a  point  near  Lemhi  Pass  southwestward  beyond  Parker  Moun- 
tain, and  lake  beds,  older  than  most  of  the  lavas,  occur  principally 
along  the  larger  valleys  of  the  area. 

Gold-bearing  veins  are  inclosed  in  many  types  of  rock  in  Lemhi 
County,  ore  deposits  both  older  and  yoimger  than  the  lavas  being 
clearly  recognized.  It  is  noteworthy,  however,  that  only  one  deposit 
of  gold  has  been  found  within  the  area  of  the  Paleozoic  formations. 
It  is  also  noteworthy  that  the  gold  is  principally  in  the  vicinity  of 
pock  of  the  granite-rhyolite  family.  Lead-silver  ores,  on  the  other 
hand,  occur  only  within  the  area  of  Paleozoic  sedimetitaiy  rocks,  and 
here  quartz  diorite  is  the  only  igneous  rock  recognized.  Copper 
occiu^s  principally  within  the  area  of  Algonkian  sedimentaiy  rocks, 
although  one  deposit  is  known  within  those  of  Paleozoic  age.  It  has 
not  been  found  in  the  Tertiary  lavas  nor  in  the  granite;  indeed  in 
most  places  it  is  at  a  considerable  distance  from  either,  although  it 
is  thought  to  be  genetically  related  to  the  granite.  Cobdt-nickel  and 
tungsten  occur  within  the  Algonkian  rocks.  Diabase  dikes  are  asso- 
ciated with  the  cobalt-nickel  ores,  but  no  igneous  rocks  were  noted 
in  close  proximity  to  the  tungsten-bearing  veins. 

GOLD  DEPOSITS. 

PLACERS. 
DIST&IBITTION. 

The  older  gold  veins  of  Lemhi  County  have  given  rise  to  placer 
deposits  wherever  local  conditions  permitted  their  accumulation. 
Over  a  large  part  of  the  area,  however,  rapidly  flowing  streams  lead 
from  the  sites  of  vein  disintegration  into  larger  streams  which  also 
are  actively  eroding  their  channels,  thus  affording  no  point  where 
material  transported  by  the  torrential  water  may  be  permanently 
dropped.  This  condition  accounts  for  the  absence  of  placers  around 
Shoup,  Ulysses,  and  Gibbonsville.  In  a  few  places,  however,  gold 
veins  are  ideally  situated  for  the  accumulation  of  placers  and  valua- 
ble deposits  have  been  found.    Streams  heading  near  the  crest  of  the 
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Beaverhead  Mountains  flow  swiftly  thiough  narrow  canyonSy  gath- 
ering abundant  detrital  material  and  transporting  it  to  the  broads 
gently  sloping  valley  of  Lemhi  River,  in  crossing  which  the  decided 
lessening  of  stream  grades  allows  the  heavier  and  coarser  material  to 
be  substituted  for  the  finer-textured  constituents  of  the  valley  forma- 
tion. Thus  the  auriferous  gravels  have  accumulated  along  Bohamion 
and  Kirtley  creeks  near  the  base  of  the  range  and  to  a  less  extent 
along  other  creeks  leading  from  the  same  mountains.  The  upper  val- 
leys of  Napias  and  Moose  creeks  have  also  been  favorable  localities 
for  the  accumulation  of  gold  placers.  At  the  latter  place  streams 
from  the  surrounding  highlands  sorted  their  load  and  dumped  the 
heavier  parts  of  it  in  ciossing  an  old  sediment-filled  lake  basin.  In 
the  former  the  gravels  were  similarly  sorted  and  deposited  on  the 
floor  of  a  broad  valley. 

Placers  have  been  found  also  near  the  mouth  of  Beaver  Creek,  on 
Silver  Creek  near  Rabbitfoot,  below  Yellow  Jacket,  and  at  several 
other  localities,  but  the  extent  and  production  of  all  of  these  is  com- 
paratively negligible. 

PRODUCTIOV  AMJ>  HI8TORT. 

Of  the  four  principal  deposits,  that  of  Napias  Creek  leads  in  pro- 
duction, having  furnished  perhaps  $5,000,000  in  gold.  Grold  was 
discovered  on  this  creek  in  July,  1866,  and  during  the  few  years  follow- 
ing the  deposits  were  worked  actively.  Recently  only  a  few  China- 
men have  been  working  in  the  basin  and  the  production  has  been  veiy 
small. 

Moose  Creek,  with  an  output  of  about  $1,000,000,  stands  second  in 
production.  The  placers  there  were  located  shortly  after  those  on 
Napias  Creek,  but,  being  under  one  ownership,  were  not  worked  so 
rapidly  and  are  still  being  operated.  A  dredge  now  on  the  creek 
affords  an  annual  output  of  $15,000  to  $20,000. 

Bohannon  Bar,  with  a  production  of  about  $400,000,  ranks  third. 
The  creek  bed  was  worked  by  Chinamen  many  years  ago,  but  not 
until  1895  were  preparations  made  for  hydraulicking  the  adjacent 
benches.  At  present  one  giant  is  being  operated  on  the  bar  with  an 
annual  recover)"  of  about  $17,000. 

On  Kirtley  Creek  hydraulic  mining  was  pursued  from  about  1890 
to  1894  and  a  considerable  amount  of  gold  was  recovered,  but  opera- 
tions were  abandoned  and  the  property  sold  as  acreage.  Recently 
the  low  bars  adjacent  to  the  creek  were  carefuUy  prospected  by  a 
California  dredging  company,  which  has  since  purchased  it  and  is 
now  installing  a  large  dredge. 

O&iaiN  OF  PLAOSB  GOLD. 

In  most  of  the  placer  deposits  the  gold  can  be  directly  traced  to 
veins,  lenses  in  schist,  or  stringers  along  fracture  cracks.  It  has  been 
generally  true,  however,  that  the  primary  deposits  have  not  proved 
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comparable  in  yalue  to  the  placers  formed  from  them.  Thus  in  the 
LecBbui^  basin  the  placers  have  produced  approximately  $5,000,000 
and  the  lode  deposits  probably  not  more  than  $225,000.  In  the 
Moose  Creek  basin  the  dLBPerence  is  almost  as  great,  $1,000,000  being 
yielded  by  the  placers  and  less  than  $75,000  by  the  veins  which  sup- 
plied them.  Bohannon  Bar  has  been  a  productive  placer  ground, 
but  lode  deposits  above  it  have  never  proved  valuable.  The  same  is 
true  to  a  lesser  extent  of  Kirtley  Creek. 

At  the  head  of  Bohannon  basin  no  vein  deposits  have  been  found, 
although  numerous  quartz  stringers,  an  inch  or  two  in  width,  traverse 
the  Algonkian  rocks  at  several  places.  It  is  probably  from  these 
insignificant  deposits  that  the  placers  have  been  derived.  About 
Moose  Creek  basin  also  the  origin  of  the  gold  seems  traceable  only  to 
unimportant  stringers  which  traverse  the  schists  east  of  the  basin. 
Near  the  north  end  of  this  zone  the  Shoo  Fly  mine  supplied  bullion 
worth  possibly  $75,000.  Most  of  this  was  derived  from  quartz  mate- 
rial strewn  loosely  over  the  surface,  and  when  search  was  made  for  a 
permanent  vein  beneath  none  was  found.  The  quartz  seems  to  have 
occurred  as  lenses  in  the  schist,  many  of  them  of  small  extent.  In  the 
Leesburg  basin  deposits  which  have  shown  a  fair  degree  of  persist^icy 
have  been  discovered,  but  their  metallization  is  so  erratically  dis- 
tributed that,  with  the  exception  of  the  Italian  property,  they  have 
not  been  worked  at  a  profit.  At  the  head  of  Kirtley  Creek  basin 
veins  affording  some  bullion  have  been  worked. 

CHABAOTER  OF  THE  PLAOX&  DBPOSTrS. 

In  general  the  auriferous  gravels  are  made  up  of  material  as  lai^e 
as  2  feet  and  averaging  perhaps  6  or  8  inches.  Gravel  and  sand  fill 
the  interstices  between  the  larger  bowlders,  and  the  entire  deposit  is 
cemented  loosdy  by  silica.  The  average  thickness  of  the  gravel  beds 
is  17  to  18  feet,  but  in  some  places  it  is  less  than  10,  and  in  others,  as 
in  the  upper  benches  of  Bohannon  Bar,  as  much  as  31  feet.  Nearly 
all  the  gold  is  found  in  the  lower  2  or  3  feet  of  the  gravels  and  the 
upper  18  inches  of  bedrock,  although  locally  the  lower  8  or  9  feet  of 
the  deposits  are  auriferous.  The  gold  ranges  in  size  from  small  flakes 
up  to  the  type  commonly  known  as '  'shot  gold."  Very  rarely  nuggets 
worth  $2  or  $3  have  been  found.  A  gradation  from  coarser  grains 
near  the  head  of  the  deposit  to  finer  near  its  lower  extremity  is  gen- 
erally reported  and  is  especially  noticeable  on  Kirtley  Creek. 

AGS  OF  PLAOEBS. 

Placer  deposits  within  Lemhi  County  range  in  age  from  IGocene  to 
present.  Tlie  oldest  beds  recognized  are  near  the  mouth  of  Kirtley 
Creek  canyon,  where  an  attempt  was  made  several  years  ago  to  wash 
the  Woceae  lake  beds,  which  are  known  to  eontain  some  gold  near 
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their  mar^.  The  series  here  consists  of  shales,  sandstones,  and  con- 
glomerates. One  of  the  conglomerates,  which  occurs  about  50  feet 
below  the  top  of  the  cliff  and  overlies  a  bed  of  shale,  is  said  to  contain 
gold  in  commercial  quantities,  and  lesser  amounts  have  been  found 
at  other  horizons.  The  most  important  deposits  of  the  area  are  prob- 
ably of  late  Pliocene  age,  and  to  this  class  belong  the  graveb  now 
being  exploited  on  Kirtley  Creek,  those  on  Bohannon  Creek,  those  on 
Moose  Creek,  and  most  of  the  placers  in  the  Lieesburg  basin.  Placer 
gold  of  postrPleistocene  age  occurs  below  Lieesburg  and  on  Pheian 
Creek,  where  bedrock  is  made  up  of  glacial  till.  That  placers  are 
accumulating  even  at  the  present  time  is  illustrated  at  the  Hudee 
property  on  Amett  Creek  in  the  Leesburg  basin,  where  the  ground  is 
wa^ed  each  spring  in  order  to  secure  gold  which  has  been  freed  by 
the  disaggregation  of  a  highly  <lecomposed  granite  during  the  previous 
winter. 

LATE   TERTIARY   GOLD  VEINS. 
DIBTBIBUnOV. 

Gold  veins  of  late  Tertiary  age  are  known  only  in  the  southwest 
part  of  the  county,  in  the  Parker  Mountain  and  Gravel  Range  dis- 
tricts, and  possibly  at  Musgrove,  in  the  Blackbird  district.  The  most 
extensive  deposit  yet  developed  is  at  Myers  Cove  (Singiser)  in  the 
Gravel  Range  district,  where  the  Monument  vein  is  opened  to  a 
depth  of  200  feet,  with  drifts  on  three  levels.  Here  considerable 
tonnage  of  ore  is  blocked  out.  At  Rabbitfoot  an  even  greater  amount 
of  work  has  been  done,  although  less  ore  has  been  found.  In  the 
Parker  Mountain  district  two  properties  have  been  opened  within 
the  past  few  years  and  possibly  2,000  feet  of  tunnels  driven.  A 
little  ore  has  been  shipped. 

TBEATMEVT  OF  THE  ORBS. 

The  great  difficulty  at  Myera  Cove,  where  by  far  the  most  ore  is 
in  sight,  has  been  to  devise  an  efficient  method  of  treatment.  Amal- 
gamation tests  on  roasted  ore  gave  11  to  20  per  cent  extraction, 
cyanide  afforded  a  recovery  of  20  to  30  per  cent,  and  a  combination 
of  chlorination  and  cyanidation  yielded  70  to  90  per  cent.  A  mill 
was  built  in  keeping  with  the  last-named  tests,  but  after  running  a 
month  or  six  weeks  it  was  abandoned,  the  total  recovery  from  $11 
ore  being,  it  is  said,  less  than  $2  a  ton.  Other  properties  containing 
this  type  of  ore  have  not  been  d3veloped  below  the  zone  of  oxida- 
tion, but  it  is  probable  that  with  greater  depth  refractory  ores  sim- 
ilar to  those  at  Myers  Cove  will  be  encountered.  The  failure  to 
reduce  profitably  the  Myers  Cove  ore  should  not  be  given  undue 
weight,  however,  for  remarkable  advances  have  been  made  during 
the  last  few  years  in  the  treatment  of  similar  ores.  The  production 
from  this  group  of  veins  has  not  been  large,  probably  less  than 
$100,000. 


yj»i'*'i 


i& 


<jK>li>  deposits.  55 

GXOLOGZO  &XLATZ0V8. 

The  late  Tertiary  gold  veins  are  associated  with  eruptive  rocks, 
principally  rhyoUtes.  All  the  deposits  except  those  at  Musgrove  are 
inclosed  in  lavas.  The  Musgrove  deposits  are  in  Algonkian  schists 
and  quartzitesy  but  here  rhyoUtes  form^the  summits  and  numerous 
dikes  of  rhyoUte  porphyry  traverse  the  older  formations.  Two  series 
of  flows,  separated  by  a  structural  and  erosional  unconformity,  were 
noted  at  Rabbitfoot  (see  p.  173),  but  both  belong  to  the  same  gen- 
eral period  of  igneous  activity.  The  older  eruptives  were  poured  out 
over  a  post-Eocene  erosion  surface  of  considerable  reUef  and  are 
probably  of  Miocene  age  (p.  48) ;  the  younger  may  be  early  Pliocene. 

CHAKACTZB  OF  THE  VEINS. 

The  veins  in  general  are  strong  fissure  fillings  varying  in  width  up 
to  10  or  12  feet,  but  commonly  2  or  3  feet  wide.  They  dip  at  angles 
greater  than  45*^.  The  internal  make-up  of  the  Tertiary  deposits  is 
characteristic  and  distinct  from  that  of  the  older  gold  veins,  which 
are  vastly  more  numerous  in  Lemhi  County.  The  veins  are  beauti- 
fully crustified,  consisting  of  wavy  bands,  which  in  their  broader 
outlines  are  parallel  to  the  walls  but  in  detail  close  about  many  cav- 
ities not  yet  completely  filled,  or  encircle  angular  fragments  of  wall 
rock. 

0BE8. 

Locally  intergrown  with  the  quartz  and  less  commonly  included  in 
quartz  grains  are  very  conspicuous  amounts  of  adularia  (PI.  IX,  .il). 
C^alcite  is  common  though  never  abundant.  Sericite  is  very  con- 
spicuous in  some  specimens  from  the  Parker  Mountain  mine,  but  as 
the  ore  at  that  mine  is  extremely  altered  it  is  possible  that  the  sericite, 
at  least  in  part,  has  resulted  from  the  breaking  down  of  adularia.  The 
generally  crustified  appearance  of  the  vein  material  (PI.  IX,  B)  is  due 
largely  to  different  degrees  of  coarseness  in  alternating  layers  of  quartz. 

The  metallic  minerals,  everywhere  of  microscopic  size,  are  distrib- 
uted through  the  ore  in  dark  crimpy  bands  of  dull  to  submetallic 
luster  which  parallel  the  crustification  of  the  gangue.  In  these  bands 
the  metallic  minerals  occur  as  bunches  of  very  small  particles,  fillings 
between  quartz  grains,  and  isolated  crystals.  Studies  were  not  suf- 
ficiently detailed  nor  development  extensive  enough  to  permit  satis- 
factory comparison  of  the  ores  from  different  veins.  At  Myers  Cove, 
however,  pyrite  is  the  most  abundant  metallic  mineral;  most  of  it 
is  contemporaneous  with  the  quartz,  many  grains  of  which  include 
pyrite  crystals,  but  it  also  fills  minute  cracks  formed  in  the  ore  at 
some  later  time.  Owing  to  the  striking  similarity  between  the 
Myers  Cove  ores  and  those  at  Republic,  Wash.,  whidi  are  known  to 
contain  considerable  amounts  of  selenium,^  tests  of  the  former  were 

1  Umpieby,  J.  B.,  Geology  and  ore  deposits  of  the  RepubUo  mining  distilot:  BolL  Washington  Qeol- 
8iir?ey  No.  1, 1910,  p.  99. 
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made  in  the  Survey  laboratory  and  a  strong  trace  of  selenium  was 
detected  in  specimens  from  the  Monument  yein.  In  the  Parker 
Mountain  ores  a  little  pyrite  is  present,  but  the  principal  metallic 
mineral  is  a  bluish-black  fine-grained  material  of  bright  metallic  lua- 
ter;  it  was  not  identified,  but  its  occurrence  is  similar  to  that  of  the 
pyrite  described  above,  except  that  it  was  not  noted  along  fractures. 
Very  heavy  iron  and  manganese  stains  record  the  presence  of  metallic 
minerals  in  the  Musgrove  ores. 

The  veins  carry  silver  as  well  as  gold,  althou^  the  latter  commonly 
leads  in  value  per  ton.  At  Musgrove  silver  is  ahnost  ne^igible,  but 
m  some  mines  at  Parker  Mountain  it  is  more  important  than  the 
gold.  Within  the  veins  the  ore  occurs  in  shoots  of  irregular  shape 
and  size.  Thus  at  Musgrove  several  veins  have  been  recognized,  but 
only  one  of  them,  which  runs  about  $20  to  the  ton,  is  considered  of 
commercial  value.  At  Myers  Cove  the  principal  ore  body  occupies 
a  few  hundred  feet  along  one  of  the  veins.  Within  this  shoot  indi- 
vidual assays  reach  several  hundred  dollars  to  the  ton,  but  a  broad 
average  is  said  to  be  about  $10.  Promising  deposits  occur  also  at 
Parker  Mountain,  although  their  extent  has  not  been  shown. 

AGS  AVD  GSnSlS. 

As  the  veins  are  inclosed  in  lavas  of  Miocene  age,  they  are  obviously 
Miocene  or  later.  On  the  other  hand,  valleys  several  hundred  f eetdeep 
and  evidently  of  preglacial  age,  because  rounded  by  glaciers  in  their 
upper  parts,  cross  the  lodes  at  Parker  Mountain  and  at  Myers  Cove. 
If  the  later  part  of  the  PUocene  is  allowed  for  the  development  of  these 
valleys,  the  deposits  must  have  been  formed  in  late  Miocene  or  early 
Phocene.  The  manner  in  which  the  veins  cross  the  summits  (Parker 
Mountain  and  Musgrove)  and  the  valleys  (Myers  Cove)  suggests  that 
only  a  small  amount  of  erosion  had  taken  place  after  the  extravasa- 
tions of  the  lava  before  the  veins  were  formed.  Hence  it  is  thought 
more  hkely  that  they  should  be  assigned  to  the  late  Miocene. 

The  deposits  are  meagerly  developed,  and,  as  only  a  few  days  were 
available  for  their  study,  suggestions  as  to  their  origin  must  be  by 
comparison  with  other  deposits  rather  than  by  direct  observation. 
The  crustification,  vug  cavities,  angular  included  fragments,  fine- 
grained quartz,  and  the  presence  of  adularia  and  selenium,  all  point 
to  deposition  near  the  surface,  probably  at  depths  of  less  than  3,000 
feet.  The  depositing  solutions  were  evidently  rich  in  siUca,  potash, 
and  aluminum,  and  carried  subordinate  amounts  of  iron,  sulphur^ 
gold,  silver,  and  selenium.  It  is  thought  that  the  solutions  were  hot 
ascending  waters,  probably  genetically  related  to  the  subterranean 
disturbance  which  found  its  most  conspicuous  expression  in  thd 
rhyoUtic  flows. 
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BOaUat  DXP0UT8. 

The  occurrence  of  selonium  at  Myers  Cove,  its  probable  presence 
at  Parker  Mountain,  and  the  possibility  that  it  will  be  found  in  the 
primary  ore  at  Musgrove  place  one  of  these  deposits  and  possibly  all 
of  them  among  a  rare  type  of  later  Tertiary  veins  which  have  been 
recognized  in  this  country  only  during  the  last  few  years.  The 
deposits  at  Tonopah,  Nev.,  and  Republic,  Wash.,  are  the  only  exam- 
ples of  this  type  of  deposit  in  the  United  States  heretofore  described. 
Both  are  inclosed  in  Tertiary  eruptive  rocks  and  are  characterized  by 
the  presence  of  selenium.  The  deposits  at  Tonopah  carry  selenium 
but  not  tellurium,  and  at  Republic  selenium  is  important  and  tellurium 
occurs  only  in  traces.  Gold-selenium  ores  have  been  found  at  two  or 
three  places  in  Mexico,  but  the  most  famous  foreign  examples  of  this 
type  are  the  Waihi  veins  in  New  Zealand  and  the  Radjang  Lebong 
deposit  in  Sumatra. 

The  deposits  above  enumerated  form  a  subdivision  of  a  great  class 
of  comparatively  recent  veins  which  are  widely  developed  in  the 
cemtral  plateau  of  the  West,  and  especiaJly  along  the  western  slope  of 
the  Sierra  Madre  in  Mexico.  They  are  found  in  New  Mexico,  Arizona, 
southern  California,  Colorado,  Utah,  Nevada,  Idaho,  and  at  a  few 
localities  to  the  northwest  in  Oregon  and  Washington.  Throughout, 
the  veins  are  inclosed  in  lavas  or  in  rocks  once  covered  by  lavas. 
Iine-textiu*ed  quartz,  a  lamellar  calcite  in  many  places  replaced  by 
quartz,  crustification,  extensively  altered  wall  rock,  bonanzas,  ab- 
sence of  productive  placers  resulting  from  th^oa,  and  their  associa- 
tions with  Tertiary  eruptives,  when  taken  collectively,  characterize 
these  deposits.^ 

LATE   CKETACEOUS   OK   EARLY   EOCENE   GOLD   VEINS. 

DIBTEIBUTIOH  AlTD  HIBTO&Y. 

The  most  important  gold  veins  of  Lemhi  County  are  of  late  Creta- 
ceous or  early  Eocene  age.  They  are  widely  distributed  in  the  north- 
em  and  central  parts  of  the  county  and  occur  in  the  McDevitt  district 
on  the  southeast  and  the  Yellow  Jacket  district  on  the  southwest. 
Along  the  Continental  Divide  they  occur  only  at  elevations  greater 
than  8,000  feet,  but  elsewhere  their  distribution  is  independent  of 
elevation.  Thus,  in  the  Mineral  Hill  district  the  Grunter  vein  is  near 
the  river  level  and  the  Monolith  is  far  up  on  the  canyon  side. 

Deposits  of  this  type  were  recognized  first  in  1868  at  Yellow  Jacket. 
During  the  next  10  years  veins  were  located  in  the  Mackinaw  and 
Gibbonsville  districts  and  later  at  Mineral  Hill  and  along  the  Conti- 
nental Divide.     In  point  of  gold  production  from  these  older  deposits 

1  Llndgren,  Waldemar,  The  geologic  featund  of  the  gold  production  of  North  America:  Trans.  Am- 
Inst.  Hln.  Eng.,  vol.  33, 1M3,  pp.  80i-806. 
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the  Gibbonsville  district  easily  leads  with  an  output  of  about 
$2,000,000.  Then  follows  Mineral  Hill  with  $750,000,  Indian  Creek 
with  $600,000,  Yellow  Jacket  with  $450,000,  Mackinaw  with  $250,000, 
and  the  several  other  districts  of  the  county  each  with  less  than 
$100,000.  Vems  of  this  type  have  yidded  $6,000,000  to  $8,000,000 
additional  through  the  placers  resulting  from  them.  At  present, 
however,  the  mines  have  reached  base  ore  and  the  annual  production 
is  much  smaller  than  formerly. 

OBOLOOIC  &ELATIOVB. 

The  late  Cretaceous  gold  veins  are  inclosed  in  Archean  gneiss, 
Algonkian  sedimentary  rocks,  Devonian  Umestone,  and  Mesozoic 
granite.  In  the  central  part  of  the  area  they  occur  near  the  contact 
between  the  sedimentary  rocks  and  the  granite,  either  in  the  one  or 
the  other.  In  the  Mineral  Hill  and  Indian  Creek  districts  they  are 
in  the  older  rocks,  which,  however,  are  traversed  by  numerous  dikes, 
probably  special  expressions  of  the  granitic  intrusion.  At  Gibbons- 
ville, on  the  other  hand,  the  ancient  sedimentary  rocks  are  cut  only 
by  small  basic  dikes,  the  nearest  known  outcrop  of  granite  being  about 
12  miles  southwest.  Along  the  Continental  Divide  the  veins  are 
inclosed  by  Algonkian  rocks,  which  are  cut  in  a  few  places  by  vogesite 
dikes,  and  in  one  place  near  the  head  of  Boyle  Creek  by  granite.  At 
Yellow  Jacket  the  unusual  number  of  dikes  which  traverse  the  older 
formation  and  the  existence  of  contact  phenomena  not  to  be  assigned 
to  them  suggest  that  granite  Mes  at  no  great  depth,  even  though  not 
exposed  in  the  immediate  vicinity  of  the  mines.     (See  p.  169.) 

VATXTRE  OF  THE  VEINS. 

The  strike  of  the  veins  varies  in  different  districts.  At  Gibbons- 
ville it  is  east  and  west;  at  Yellow  Jacket  northeast-southwest,  and 
along  the  Continental  Divide  northwest  and  southeast.  The  dip  is 
even  more  variable,  different  veins  in  the  same  district  dipping  in 
opposite  directions,  as  at  Gibbonsville.  In  places,  as  at  Shoup  and 
Ulysses,  the  veins  are  remarkably  flat,  some  dipping  at  angles  less 
than  30®  and  locally  oven  breaking  into  horizontal  sheets  ("  big  stope," 
Kittie  Burton  mine).  In  width  they  vary  from  mere  stringers  up  to 
20  feet  or  more,  those  which  have  been  worked  probably  averaging 
between  2  and  3  feet. 

Faulting  has  been  a  great  handicap  to  the  profitable  exploitation 
of  many  of  the  deposits,  especially  those  at  Gibbonsville.  Difliculties 
have  arisen  also  from  the  great  variation  in  width  from  place  to 
place  of  individual  veins.  Many  pinch  within  short  distances  or 
break  up  into  numerous  stringers  following  parallel  joints  or  jump  to 
one  side  and  continue  along  a  parallel  fissure.  Indeed,  many  of  tiieir 
irregularities  may  be  weU  conceived  by  imagining  mineral-bearing 
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solutions  rising  through  country  rock  traversed  by  numerous  fractures 
and  cross  fractures  and  depositing  where  local  conditions  were  most 
favorable. 

0BB8. 

Character. — ^The  deposits  are  primarily  pyritiferous  gold-quartz 
veins.  In  places  chalcopyrite  replaces  pyrite,  as  in  the  copper-gold 
deposits  of  the  Copper  Queen  and  Copper  King  mines.  Elsewhere 
pyrite  and  chalcopyrite  are  both  present,  but  as  a  rule  either  one  or 
the  other  greatly  predominates.  The  better  ore  occurs  in  shoots 
which  have  a  greater  vertical  than  horizontal  extent,  and  which  pitch 
at  angles  steeper  than  45°. 

The  vein  filling  is  coarse-textured  clear-white  quartz,  along  which 
the  ore  shoots  occur  at  irregular  intervals.  Within  the  shoots 
metallization  is  generally  bunchy,  with  the  bunches  irregularly 
spaced.  Pyrite  is  the  one  persistent  ore  mineral,  and  with  it  the 
others,  one  or  all,  are  associated  at  one  place  or  another.  Chalcopy- 
rite is  nearly  everywhere  present,  though  generally  in  small  amounts. 
Galena  is  widespread,  though  nowhere  conspicuous,  and  sphalerite  is 
equally  general  but  less  abundant.  Pyrrhotite  is  rare  in  the  veins 
and  arsenopyrite  even  more  so.  Magnetite  was  noted  in  two  or  three 
of  the  deposits.  Actinolite,  chlorite,  and  epidote  are  developed  in 
included  fragments  of  schist  on  Carmen  Creek.  The  several  minerals 
are  scattered  through  the  quartz  as  isolated  crystals,  fine-grained 
masses,  irregular  blotches  with  quartz  intermixed,  and  patches  of 
coarse  crystal  aggregates.  In  places,  as  at  Gibbonsville,  the  metallic 
minerals  are  present  locally  almost  to  the  exclusion  of  gangue  mate- 
rial, but  in  general  metallization  is  moderate. 

The  oxidized  ores  are  free  milling,  but  many  of  those  in  which 
sulphides  are  predominant  yield  only  40  per  cent  by  amalgamation. 
The  amount  of  gold  usually  varies  directly  with  the  amount  of  pyrite 
in  the  ore,  save  where  the  ore  is  cupriferous,  in  which  case  it  varies 
with  the  chalcopyrite.  Thus  it  seems  that  the  gold  is  principally 
associated  with  the  pyrite  and  chalcopyrite,  partly  free  and  partly 
included  in  these  minerals.  Throughout  it  shows  a  tendency  to  form 
placers  below  the  deposits  and  coarse  grains  in  the*  oxidized  parts  of 
the  veins.  Silver  commonly  accompanies  the  gold,  although  seldom 
in  amounts  greater  than  a  few  ounces  to  the  ton. 

Few  bonanzas  have  been  found  in  these  deposits,  although  many  of 
the  ores  are  of  substantial  grade.  Probably  the  highest  average 
grade  of  ore  has  come  from  Gibbonsville,  where  as  much  as  $40  a  ton 
has  been  secured  from  mill  runs,  but  even  there  S10toS15is  the  com- 
mon tenor.  Elsewhere,  average  miU  runs  approximate  $10  a  ton, 
more  conmionly  lower  than  higher. 

ReUUian  of  ares  to  depth. — ^Throughout  the  coxmty  the  base  por- 
tions of  the  older  gold  veins  have  been  reached  while  development 
was  yet  comparatively  near  the  surface — ^in  general  mtJcdsL  \fi^  V^fcX* 
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of  it.  The  upper  oxidized  portions  of  the  veins  yielded  readily  to 
amalgamation  and  on  the  strength  of  tests  made  with  such  material 
many  mills  were  built  only  to  be  abandoned  after  a  few  months 
because  the  mine  workings  encountered  base  ores,  which  seldom 
yielded  more  than  40  or  50  per  cent  of  their  gold  to  amalgamation. 
In  a  few  places  cyanide  was  tried,  but  usually  with  doubtful  success, 
as  shown  by  the  fact  that  not  a  single  cyanide  plant  was  operated  in 
the  county  in  1910.  In  general,  the  presence  of  a  small  amoimt  of 
copper  has  been  the  chief  deterrent  to  this  method  of  treatment,  but 
as  little  or  no  copper  was  seen  in  several  of  the  deposits,  it  should 
not  prove  a  universal  handicap. 

Primary  ore  once  reached,  there  is  no  reason  for  thinking  that  the 
deposits  do  not  ''go  down,"  but  with  increase  in  depth  the  same 
irregularities  in  mineralization  and  vein  outline  which  occur  a  short 
distance  below  the  hmit  of  oxidation  must  be  expected.  In  other 
words,  the  same  general  characteristics  which  prevail  at  200  feet  may 
be  expected  at  1,000  feet.  It  appears  impossible  to  justify  a  broad 
statement  that  the  gold  deposits  of  the  county  become  either  richer 
or  poorer  with  depth,  the  lower  limit  of  oxidation  once  passed. 
These  conclusions  follow  from  the  conditions  of  deposition  clearly 
recorded  in  the  physiographic  and  geologic  history  of  the  region. 
Since  these  veins  were  formed  the  entire  area  has  been  planed  down, 
a  cover  of  3,000  or  4,000  feet  having  been  removed.  Veins  are 
at  present  exposed  at  altitudes  differing  by  4,000  to  5,000  feet, 
but  it  has  not  been  possible  to  point  out  any  persistent  or  significant 
difference,  either  in  form,  mineralogy,  or  tenor,  between  deposits 
occurring  at  the  higher  elevations  and  those  found  at  the  lower. 
This  being  true,  an  extra  thousand  feet  in  depth  on  most  of  the  veins 
of  the  districts  should  not  show  persistent  changes  either  for  better 
or  for  worse. 

Relation  of  ores  to  granite. — ^Another  consideration,  however,  con- 
cerns the  relation  of  the  ores  to  the  granite  mass.  It  is  believed 
(p.  62)  that  the  ores  were  deposited  by  solutions  given  off  from  or 
made  effective  by  the  granite,  and,  even  though  the  deposits  may  not 
vary  with  depth  from  the  surface,  it  may  be  questioned  whether  they 
will  not  vary  with  distance  from  the  granite  margin.  This  doubt 
is  not  subject  to  as  satisfactory  a  solution  as  the  other.  The  only 
line  of  evidence  seems  to  be  that  derivable  from  the  comparative 
study  of  groups  of  deposits  found  at  different  distances  from  the 
margins  of  the  granite  areas,  and  in  assembling  the  deposits  for  such 
groups  the  possibility  of  the  granite  being  closer  to  some  deposits  than 
others,  though  concealed,  is  a  disconcerting  factor.  Throughout  the 
investigation  this  factor  was  borne  in  mind,  and  whatever  geologic 
evidence  seemed  to  have  a  bearing  on  it  was  examined.  For  a  time 
it  seemed  that  in  general  gold  is  more  closely  confined  to  the  granite 
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margins  than  copper,  but  the  exceptions  are  so  numerous  that  the 
final  conclusion  is  that  no  definite  variation  exists. 

Secondary  concentration, — Within  the  area  as  a  whole  secondary  con- 
centration of  gold,  though  not  readily  recognized,  is  thought  to  have 
been  an  important  factor.  At  Gibbonsville,  however,  it  is  conspicuous, 
and  the  deposits  deserve  special  mention  in  a  general  discussion. 
Experience  there  shows  that  few  veins  contained  much  gold  for  16 
to  30  or  50  feet  below  the  surface;  that  for  the  next  100  feet  or  so 
they  were  comparatively  rich  and  yielded  readily  to  extraction  by 
means  of  the  arrastre;  and  that  below  150  feet  they  consisted  of  sul- 
phide ore  lower  in  grade  than  the  ore  occurring  between  it  and  the 
surface  zone.  As  this  has  been  the  experience  of  the  several  opera- 
tors in  the  district,  there  seems  Uttle  reason  for  doubting  that  sec- 
ondary concentration  of  gold  has  generally  taken  place  there. 

The  problem,  then,  is  to  ascertain  whether  the  concentration  of 
gold  has  been  due  to  the  leaching  out  of  other  constituents  of  the  vein, 
and  is  thus  a  residual  concentration,  or  has  been  due  to  solution 
and  redeposition  of  the  gold  itself.  The  alteration  of  pyrite  to 
limonite  causes  an  increase  in  volume  of  2  per  cent,  but  at  the  same 
time  the  new  form  has  a  gravity  about  25  per  cent  lower  than  the  old. 
The  change  thus  means  a  slight  decrease  of  gold  per  unit  volume  but 
a  pronounced  increase  of  the  number  of  unit  volumes  per  ton  of  ore, 
giving  thereby  a  decided  increase  in  the  gold  contained  in  a  single 
ton.  Any  extraction  of  iron  from  the  veins  operates  in  the  same 
direction.  It  is  therefore  concluded  that  much  of  the  enrichment 
of  gold  in  this  type  of  veins  is  due  to  volume  changes  and  the 
removal  of  iron,  but  it  remains  to  be  seen  why  the  upper  15  to  50 
feet  should  be  so  much  lower  in  grade  than  similarly  oxidized  material 
lying  immediately  below  it.  It  has  been  shown  both  by  experiment 
and  by  observation  ^  that  gold  in  the  presence  of  manganese  is  very 
appreciably  soluble  in  most  mine  waters  at  earth  temperatures.  As 
manganese  is  here  present  as  conspicuous  stains  and  dendrites  in 
the  oxidized  ore,  it  is  very  probable  that  the  barren  zone  near  the 
surface  is  due  to  chemical  leaching,  the  gold  being  reprecipitated 
lower  down.  However,  a  downward  settling  of  the  heavy  gold  par- 
ticles in  the  loose  oxidized  material  may  be  important.  It  is  con- 
cluded from  the  above  line  of  evidence  that  residual  concentration, 
due  to  removal  of  other  constituents,  largely  accounts  for  the 
enrichment  of  gold  in  the  oxidized  zone  of  the  Gibbonsville  veins. 
Near  the  surface  leaching  of  gold  has  probably  taken  place,  and 
leaching  above  was  necessarily  followed  by  precipitation  below. 

It  is  thought  that  similar  conditions  exist  elsewhere  in  the  older  gold 
veins,  though  not  recognized,  probably  because  nowhere  else  is  pyrite 

1  Emmons,  W.  H.,  The  agoncy  of  manganese  in  the  superficial  alteration  and  aeooodary  enrichment  of 
(Old  deposits  in  the  United  States:  BulL  Am.  Inst.  UQn.  Eng.  No.  40, 1010,  pp.  767-«37. 
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80  important  ^  factor  in  the  ore  and  because,  Qdnsequentlyy  nowhere 
else  is  the  concentration  due  to  its  breaking  down  so  pronounced. 
Indeed  it  is  believed  to  be  this  difference  in  tenor,  slight  though  it  is, 
between  the  oxidized  ore  and  the  primary  ore  that  has  given  rise  to 
the  local  opinion  that  the  veins  decrease  in  value  with  depth — a  con- 
clusion which  is  apparently  unfounded,  if  primary  ore  alone  is  con- 
sidered. 

AOB  AND  OBHXSIS. 

The  age  of  these  veins  can  be  placed  within  rather  narrow  limits. 
They  are  so  strikingly  similar  in  their  make-up  that  there  is  little 
room  to  doubt  that  they  date  from  the  same  period  of  mineralization. 
Some  of  them  are  inclosed  in  late  Cretaceous  granite;  hence  they  are 
younger  than  that  intrusion.  On  the  other  hand  they  present  the 
mineral  association  and  physical  make-up  typical  of  veins  formed  at 
a  great  depth,  probably  4,000  or  5,000  feet.  In  many  places  in  the 
Mackinaw  and  Eureka  districts  veins  have  been  worked  at  elevations 
approximating  7,500  feet,  whereas  the  Eocene  erosion  surface  in  their 
vicinity  stands  at  about  8,500  feet.  It  follows  that  the  veins  were 
formed  while  the  area  was  covered  by  3,000  or  4,000  feet  of  material 
now  removed — material  that  could  only  have  been  present  prior  to 
the  erosion  which  culminated  in  the  broad  planation  of  the  region  and 
the  development  of  the  Eocene  erosion  surface.  The  veins  therefore 
antedate  the  later  and  possibly  even  the  middle  part  of  the  period  of 
erosion,  which  probably  occupied  the  greater  part  of  the  Eocene  epoch. 
It  is  concluded,  therefore,  that  the  veins  are  of  late  Cretaceous  or 
early  Eocene  age,  probably  the  former. 

The  geographic  distribution  of  the  veins  and  the  granite  and  their 
age  relations  lead  to  the  conclusion  that  the  veins  are  genetically 
related  to  the  granite.  Those  in  the  central  part  of  the  county  are 
conspicuously  coincident  in  distribution  with  the  contacts  of  the 
granite,  being  either  in  the  granite  or  in  the  rocks  which  it  intrudes, 
whether  these  are  schist,  as  in  the  Indian  Creek  and  Eureka  districts, 
or  gneiss,  as  at  Mineral  HiU.  In  the  Mackinaw  district  a  great  outlier 
of  schist  within  the  granite  area  illustrates  the  same  relation,  the 
Copper  King  and  Mayflower  properties  being  inclosed  in  schist  and 
the  Italian  and  Haidee  in  granite.  In  the  Gibbonsville  distiict 
granite  is  not  exposed,  although  its  occurrence  as  great  batholiths,  10 
to  20  miles  to  the  southeast,  southwest,  and  north,  suggests  that  it 
may  underlie  the  district.  At  Yellow  Jacket  it  is  thought  to  be 
present  though  not  exposed  (p.  169).  Along  the  Beaverhead 
Mountains  lamprophyre  dikes  suggest  the  presence  of  granite.  Thus 
throughout  the  area  the  veins  are  confined  either  to  the  margins  of 
the  granite  or  to  areas  where  there  are  reasons  for  thinking  that  the 
granite  lies  at  no  great  depth. 
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That  the  granite  and  the  veins  are  closely  related  in  age,  the  veins 
being  a  little  younger,  follows  from  the  considerations  stated  on  page 
29  and  outlined  here.  If  the  granite  caused  the  elevation  of  the 
area,  which  by  its  reduction  gave  the  Eocene  surface,  and  if  the  veins 
are  not  later  than  the  middle  stages  of  that  reduction,  it  follows  that 
the  granite  and  the  veins  are  not  far  apart  in  geologic  time.  As  the 
veins  are  in  places  inclosed  in  granite  they  are  the  younger.  This 
age  relation  and  the  distribution  of  veins  near  the  margins  of  the 
granite  seem  to  point  definitely  to  a  genetic  relation  between  them 

These  relations  give  strong  support  to  the  theory  of  ore  deposits 
that  regards  many  veins  as  having  been  formed  by  solutions  given  off 
from  an  igneous  mass,  usually  after  its  outer  part  has  solidified. 
Thus  the  veins  occur  around  the  margins,  extending  into  the  mass 
itself  and  into  the  rocks  which  it  intrudes. 

SIMXLAR  DEPOSITS. 

Deposits  of  this  age  and  with  similar  characteristics  are  widespread 
in  Idaho,  Montana,  and  eastern  Washington,  and  occur  locally  in  Utah 
(Mercur)  and  Colorado  (Leadville).  In  many  places  they  have 
afforded  rich  placers,  as  at  Bannock,  Alder  Gulch,  Helena,  and  Con- 
federate Gulch,  in  Montana.^ 

LBAD-8ILVBB  DEPOSITS. 
DISTRIBUTION. 

Leadnsilver  deposits  are  confined  to  the  southeastern  part  of  the 
county,  from  Junction  southward  to  the  head  of  Birch  Creek.*  Within 
this  area  four  mining  districts  are  recognized — Nicholia  to  the  south- 
east. Spring  Mountain  west  of  it,  Texas  north  of  that,  and  Junction 
still  farther  north — ^in  all  covering  an  area  about  30  miles  long  and 
20  miles  wide.  The  known  deposits  are  further  limited  to  three 
localities — (1)  a  narrow  belt  along  the  east  face  of  the  Lemhi  Range, 
extending  about  10  miles  south  and  2  miles  north  of  Gilmore;  (2)  the 
Nicholia  district,  about  15  miles  farther  east,  where  two  claims  have 
been  found  to  contain  very  productive  deposits;  and  (3)  a  narrow 
belt,  perhaps  5  miles  long,  northeast  of  Leadore.  The  continuation 
of  this  belt  northwest  of  Junction  has  afforded  reasonable  encourage- 
ment to  the  prospector,  but  so  far  no  commercial  deposits  on  it  have 
been  opened. 

GEOLOGIC   RELATIONS. 

The  area  consists  of  a  mountainous  country  traversed  by  a  broad 
valley  fiUed  deeply  with  Miocene  sediments.  The  rocks  forming  the 
mountains  are  dolomites,  limestones,  slates,  and  quartzites  of  Paleozoic 

1  Ltndgren,  Waldemar,  The  geologic  fBatores  of  the  gold  prodaotton  of  North  Anwrloa;  Trans.  Am.  Inst. 
Ktn.  Eng.,  vol.  33, 1003,  pp.  802-801 
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age.  Cutting  them  are  broad  dikes  of  quartz  diorite  and  related 
porphyries,  and  in  one  and  possibly  two  places  small  bathc^thic 
masses  of  the  same  material.  In  general  tiie  older  formations  dip 
east  in  the  western  part  of  the  area  and  west  in  the  eastern  part. 

All  known  lead-silver  deposits  in  Lemhi  County  are  inclosed  in 
Paleozoic  sedimentary  rocKs;  most  of  them  are  in  close  proximity  to 
quartz  diorite  dikes,  though  few  are  in  actual  contact. 

CHARACTER   OP  DEPOSITS. 

The  lead-silver  deposits  are  tabular  bodies  with  extensions  along 
bedding  and  joint  planes  and  numerous  sweUs  in  the  main  mass. 
Figure  10  (p.  101)  illustrates  the  veinlike  character  of  the  Pitts- 
bui^h-Idaho  deposit,  and  figure  17  (p.  117)  illustrates  the  same  rela- 
tion in  the  Leadville  mine.  The  Latest  Out  ore  body  is  also  tabular, 
but  many  isolated  bunches  of  ore  appear  in  the  wall  rock  near  the 
vein.  Figures  14  and  15  (pp.  105,  106)  illustrate  the  outline  of  two 
bodies  of  ore  in  this  deposit.  In  many  places  well-defined  fissure 
walls  continue  even  where  the  ore  has  ceased,  the  space  being  filled 
by  gouge. 

ORES. 

Mineral  charaeUr. — ^The  structure  of  the  lead-silver  ores  is  greatly 
obscured  by  the  advanced  degree  of  oxidation  which  prevails  through- 
out most  of  the  present  workings.  The  Leadville  mine  is  the  only 
developed  property  where  primary  minerals  predominate.  Here  the 
ore  is  fine-grained  argentiferous  galena,  remarkably  free  from  gangue 
but  with  numerous  small  patches  of  intergrown  pyrite  and  witli  a 
little  chalcopyrite.  Arsenic,  antunony,  and  bismuth  appear  m 
analyses  of  the  ore,  but  their  mineral  combinations  are  unknown. 

In  most  of  the  deposits  oxidation  is  almost  complete,  the  ore  being 
a  mass  of  earthy  carbonate  heavily  stained  with  iron  and  manganese 
and  commonly  having  strong  suggestion  of  metallic  luster.  Probably 
80  per  cent  of  the  lead-silver  ore  shipped  from  the  county  is  com- 
posed of  minerals  resulting  from  the  oxidation  and  carbonation  of 
galena,  pyrite,  and  zinc  blende.  Cerusite  and  iron  oxide  are  by  far 
the  most  conspicuous  minerals  in  the  deposits.  Anglesite  is  com- 
mon as  a  narrow  band  around  galena.  (See  PL  X,  B.)  Smith- 
sonite  occurs  as  botryoidal  linings  of  small  cavities  and  as  stringers 
along  joints.  Calamine  is  rare  and  appears  as  small  needle-like 
crystals  extending  from  the  sides  of  vugs  otherwise  lined  by  smith- 
sonite.  (See  PI.  X,  (7.)  Manganese  oxides  are  common  as  stains  and 
dendrites.  Pyromorphite  is  rare,  cerargyrite  probably  very  common 
but  in  exceedingly  small  grains,  malachite  uncommon,  and  minium 
very  exceptional.     From  analogy  with  other  lead-silver  deposits  of 
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the  State,  in  all  of  which  iron  carbonate  is  a  characteristic  gangue 
mineral,  it  is  possible  though  not  probable  that  siderite  occurs  in  the 
primary  ore. 

The  general  make-up,  tenor,  and  variations  in  the  ore  from  place 
to  place  are  brought  out  clearly  by  average  analyses  derived  fn)m 
smelter  returns.  The  extremes  for  each  item,  as  well  as  the  average, 
are  given  in  the  following  tables: 


Average. 
Highest. 
Lowest.. 


Average  analyses  of  ore  from  Pittsburgh- Idaho  mine,  Texas  district. 
[25  shipment.s,  ending  Sept.  10,  1910;  total,  2,275  tons.] 


Gold. 

SUver. 

Lead. 

Copper. 

Silicii. 

Iron. 

Zinc.       Sulphur. 

Ounces. 
0.031 

Ounces. 

15.29 
16. 70 
13.40 

Per  cent. 
37.04 
41.00 
31.75 

Percent. 

Per  cent. 
20.0 
23.0 

16.3 

Percent. 

8.4 
0.6 
7.3 

Per  cent. 

9.05 

11.00 

6.90 

Per  cent. 
0.59 

.035 

.80 

.020 

.00 

Average. 
Highest. 
Lowest.. 


Average  analyses  of  ore  from  Latest  Out  mine,  Texas  district. 

[14  shipments;  total,  962  tons.) 


(iold. 


Ounces. 
0.0285 
.03 
.0225 


SUver. 


Ounce*. 
18.09 
21.5 
14.7 


Lead. 


Percent. 
34.25 
41.13 
29.05 


Copper. 


Percent. 

0.34 

.48 


Insoluble. 


Percent. 
25.31 
27.7 
19.75 


Iron. 


Percent. 
0.23 
10.8 
7.35 


Zinc. 


Percent. 
5.48 
6.0 
4.6 


Sulphur. 


Percent, 

0.86 

1.93 

.0 


Smelter  analyses  of  ore  from  Spring  Mountain  district. 
[On  lots  var>'ing  from  20  to  75  tons.) 


Proper  ty. 


I>emhi  Union 

Do 

Iron  Mask 

Teddy  and   Eliza- 
beth. 


Russell 


Cralena 

Red  Warrior. 
Do 


(lold.     Silver. 


Ounces. 


0.02 


Ounces. 

12.2 
5.08 
9.5 

11 


12.1 

2.8 
13 
5 


Lead. 


Perct. 
38.7 
19.8 
19.9 
19.5 


15.2 

20.1 
53.1 
Zi 


Iron. 


Perct. 
16 

13.71 
10.25 
10.1 


18.16 
25.08 


Silica.  I  Lime 


Perct. 
10.4 
20.6 
49.9 
21.2 


27.6 
13 


Perct. 
4.3 
.3.84 
3.07 
9.97 


5.63 
9.6 


I 


Remarks. 


Average  of  7  analyses  on  lots 
of  arx)ut  50  tons*  each.  Two 
contained  10.8  per  cent  barium. 

Cont-ained  3  per  cent  of  copper. 
160  tons  in  lot. 

Four  or  Ave  tons  in  lot. 

Sample. 

Sample. 


Smelter  analyses  of  ore  from  Leadville  mine,  Junction  district. 


Gold. 

Silver. 

Lead. 

Copper. 

Insol- 
uble. 

Zinc. 

Sul- 
phur. 

Iron. 

Arsenic, 
antimony, 

and 
bismuth, 

not 
8ei>arated. 

No.  1  shoot 

Trace. 
Trace. 

Ounces. 
35.0 
28.8 

Per  a. 

56.'5 
54.5 

Perct. 

0.3 

.2 

Peret. 
16.0 
15.0 

Peret. 
1.0 

Perct. 
0.8 

n.o 

Perct. 
2.8 
2.0 

Percent. 

No.  2  shoot 

9.7 

74423*— Bull.  628—13- 


66         OEOLOOY  AND  ORE   DEPOSITS  OF   LEMHI  COUNTY,  IDAHO. 

An  inspection  of  the  first  two  tables  shows  that  a  very  small  per- 
centage of  the  total  metallic  content  is  in  a  sulphur-bearing  form; 
that  is,  is  either  sulphide,  sulphate,  or  sulphantimonite.  It  is 
obvious  from  their  general  appearance  that  the  ores  are  largely 
carbonate,  but  just  what  percentage  of  the  lead  is  in  this  form  is  not 
readily  determinable.  On  the  assumption,  however,  that  all  the  sul- 
phur is  in  combination  with  the  lead  as  galena,  since  that  mineral  has 
a  higher  percentage  of  lead  than  any  of  the  others,  it  appears  that,  as 
a  minimum,  90  per  cent  of  the  lead  in  the  ore  from  the  Pittsburgh- 
Idaho  mine  and  84  per  cent  of  that  from  the  Latest  Out  mine  is  in 
a  form  other  than  the  sulphide,  sulphate,  or  sulphantimonite.  From 
the  absence  of  other  minerals  in  conspicuous  amounts  it  is  con- 
cluded that  most  of  this,  or  80  to  90  per  cent  of  the  lead  in  these 
ores,  occurs  as  lead  carbonate. 

As  in  the  third  set  of  analyses  sulphur  is  not  given,  calcium  oxide, 
though  unsatisfactory,  is  the  only  basis  for  determining  the  extent 
of  oxidation.  Only  in  the  Lemhi  Union  and  Iron  Mask  properties 
is  the  amount  of  calcium  less  than  would  be  expected  were  the  lead 
all  in  the  form  of  carbonate.  The  occurrence  of  barium,  probably 
entirely  as  barite,  in  some  of  the  ores  from  the  Teddy  and  Elizabeth 
mines  is  interesting  in  that  they  are  the  only  places  where  barite  was 
noted  in  the  lead-silver  deposits. 

The  amount  of  sulphur  contained  in  the  LeadviUe  ore  (fourth  set 
of  analyses)  indicates  that  it  is  made  up  primarily  of  sulphide  minerals. 

In  all  the  ores,  copper  and  gold  are  negligible.  Lead  constitutes 
about  one-third  of  the  total  vein  content.  There  is  usually  about 
one-half  ounce  of  silver  to  each  unit  of  lead. 

Oxidation  and  ground-water  level, — Exploration  of  the  lead-silver 
deposits  has  been  well  above  ground-water  level.  In  the  Texas 
district  ground-water  level,  based  on  the  elevation  of  springs  (p.  97), 
is  thought  to  be  from  6,800  to  7,000  feet  above  sea  level  east  of  the 
quartz  diorite  dikes  and  somewhat  higher  west  of  them.  In  the 
Spring  Mountain  district  the  level  is  in  steps  determined  by  low 
points  in  the  quartz  diorite  dikes  which  serve  as  submerged  dams 
(p.  85).  In  the  Junction  district,  west  of  the  dikes,  the  level  of 
Lemhi  River  is  probably  the  determining  factor;  east  of  the  dikes 
the  low  points  in  the  dikes  themselves  control. 

Oxidation  and  carbonation  will  probably  be  found  to  be  almost 
coextensive  with  the  depth  of  ground-water  level.  Thus  it  will  vary 
up  to  possibly  1,000  feet  below  the  surface  in  known  deposits,  this 
maximum  being  probable  in  the  Pittsburgh-Idaho  mine. 

Relation  of  ores  to  ground-water  levd. — ^A  conspicuous  feature  of  the 
oxidized  zone  is  the  loope  make-up  of  the  ore.  Small  vugs  lined  with 
secondary  minerals  are  common,  and  a  general  incoherency  of  the 
mass  is  noticeable  everywhere.     In  contrast  to  this  condition  the 
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primary  ore,  as  seen  here  and  there  in  protected  spots,  especially  at 
the  Leadville  mine,  has  very  little  pore  space.  The  alteration  of 
galena  to  cerusite  involves  an  increase  of  28  per  cent  in  volume,  of 
pyrite  to  limonite  an  increase  of  2  per  cent  in  volume,  and  of  sphaler- 
ite to  smithsonite  an  increase  of  22  per  cent.  It  appears,  therefore, 
that  the  minerals  occupying  the  oxidized  zone  represent  far  more 
volume  per  unit  of  metal  than  those  from  which  they  were  derived. 
As  they  are  more  loosely  assembled  than  were  the  primary  min- 
erals, it  follows  either  that  the  space  occupied  by  them  has  been 
enlarged  or  that  there  has  been  important  leaching  of  the  vein  mate- 
rial. If  the  space  occupied  by  the  ore  has  been  materially  enlarged 
during  the  general  period  of  oxidation,  it  would  seem  that  the  ore 
along  its  contact  with  the  walls  should  be  more  loosely  assembled 
than  that  in  the  central  portion  of  the  vein,  a  relation  which  does  not 
appear  to  exist.  In  many  places  also  the  fissure  walls  which  bound 
the  ore  continue  beyond  the  limits  of  the  ore  shoot,  but  without 
noticeably  converging.  From  these  observations  it  is  concluded  that 
although  solution  of  the  waUs  may  have  accompanied  oxidation  it 
has  not  been  sufficiently  extensive  to  account  both  for  the  increased 
porosity  of  the  ore  and  for  the  increased  volume  due  to  changes  in 
its  mineral  constitution.  There  seems  little  room  to  doubt  that 
there  has  been  a  pronounced  leaching  of  the  vein  material,  and  it 
remains  to  determine  the  order,  and  as  nearly  as  possible  the  ratio, 
in  which  the  metals  have  been  leached,  so  as  to  form  an  idea  of  what 
changes  may  be  expected  in  the  relative  proportions  of  metal  content 
when  primary  ore  is  reached. 

Experiments  have  shown  that  under  conditions  approximating 
those  of  nature,  sphalerite  in  the  presence  of  pyrite  is  oxidized  six 
times  as  readily  as  galena  under  the  same  conditions.*  Pyrite  is  less 
susceptible  than  sphalerite  when  both  are  in  the  same  deposit.  Of 
the  resulting  products  of  this  oxidation  the  lead  is  by  far  the  most 
stable  and  zinc  the  most  unstable,  as  shown  by  the  relative  solubility 
of  the  sulphates  involved.  The  lead  sulphate  although  not  abso- 
lutely insoluble  is  relatively  so;  and  the  sulphate  of  iron  although 
very  soluble  is  three  to  four  times  less  so  than  that  of  zinc.  The 
zinc  salt  is  so  very  readily  taken  into  solution  that  161  parts  of  it 
may  be  dissolved  in  100  parts  of  water  at  20®  C*  These  values  can 
not  be  assumed  as  absolute  in  the  oxidation  of  a  vein  where  condi- 
tions are  variable  and  in  some  respects  unknown,  but  they  represent 
a  general  order  which  soems  susceptible  of  practical  appUcation. 

As  the  alterations  represented  in  the  deposits  necessitate  an  increase 
of  volume  per  unit  of  metal  contained  and  as  the  deposits  are  more 

1  Buehler,  H.  A.,  and  Oottachalk,  V.  H.,  Oxidation  of  sulphides:  Eoon.  Geology,  vol.  6, 1010,  pp.  30-31. 
•  Lindgren,  Waldemar,  The  copper  deposits  of  the  difUm-lCorend  district,  Arizona:  Prof.  Paper  U.  S. 
Oed.  Survey  No.  43, 1905,  p.  181. 
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lead-silver  (loposits,  Biigt^cst  llmt  lhi>st^  uru  tlio  sum':  &;:^  *;-.  .*  ,  .■ 
veuis,  ami  lieiico  postgranite ;  that  is,  that  thfv  an-  Uv-  '  .'^'i.'  ■ 
or  early  Eocene.  That  they  aro  later  tliaii  the  grarii'.'.-  i-.  .' ,  ■•  ■- 
indicated  by  their  Biniilarity  (save  iii  the siderito gaiigue,  ■*'!..'::.  :■  ■  ■ 
recognized  in  Lenihi  County)  to  the  deposits  in  tlie  Wood  Kiv*:,-  -  ,^ 
trict,  which  are  later  than  tlie  granite.' 

If  tlie  lead-silver  dcposita  were  formed  during  the  same  ppri'n]  ;J 
minerahzation  aa  the  late  Cretaceous  or  early  Eoceno  gold  vi-iiiT*.  ji-, 
seems  altogether  probable,  it  is  reasonable  to  thuik  that  l)olli  wen- 
produced  by  the  same  agencies,  and,  as  the  gold  veins  are  geiielifully 
Telat«d  to  the  granite  intrusion  (p.  62),  to  assign  the  lead-silver  <!c- 
pofiits  to  that  Bource.  Quartz  diorite  dikes  are  so  common  in  tlio 
vicinity  of  the  latter  deposits  tliat  a  relation  between  the  two  is 
sUongly  suggested.  If  a  relation  exists,  however,  the  two  arc  ditfer- 
ent  expressions  of  the  same  general  phenomena,  as  the  veins  are 
older  than  at  least  some  of  the  dikes.  The  dikes  are  pretty  surely 
differentiations  from  the  granite,  for  in  the  Wood  River  district  the 

In  are  grndRtioTiBl.'  hence  auotbor  suggestion  that  the  Ipad-silver 
poaite  are  related  to  the  granite. 
Copper  deposits  iipl'  distributed  widely  in  Ijemlii  County,  although 
their  conuncrciat  importance  has  not  3-et  beeudeijum^ated.  (In 
Spring  ]k{ountai:i  a  large  deposit  of  Ioj^^^H^^^^^^kb  along  a 
zonv  peu-altel  to  the  lead-silvefreii^^^^^^^^^^^^^ft-ora  them. 
Northward,  near  tUo  head  oJ^^K^^^B^^^^^^K^ueen  mine, 
tiiB  only  property  in  tiie^^^^^^^^^^^H^^^  copper 
Oltiof  {iropHFtiea  oro  loc^^^^^^^  PvnJleyon  Diott  Creek. 

In  th£  mountoiiB  iwuth^^^^^H^H  >>f  Sahuon  cupper  is  found, 
iutaiii  a  cunsiderablo  deposit 
'  -I'-  in.'t,  2!)  patented  clainLs 


COFFER  DSP08IT8 
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CHARACTER  OP  THE   DEPOSITS. 

The  deposit  vary  in  form  from  iissuro  veins  (Copper  Queen)  to 
impregnations  in  scliist  (in  places  on  Torney  group)  and  contact- 
metamorphic  deposits  (Bruce  estate)  with  irregular  mineralization 
along  sheeted  zones  as  the  most  common  type.  The  Copper  Eong 
deposit,  which  represents  the  last  named,  consists  of  an  irregular  vein 
about  2  feet  wide,  accompanied  by  very  many  parallel  stringers  sepa^ 
rated  from  each  other  and  the  main  vein  by  mineralized  wall- rock. 
The  entire  mineralized  zone  is  about  40  feet  wide.  In  the  Brown 
Bear  shaft,  Blackbird  district,  a  similar  deposit  is  said  to  be  more  Uian 
100  feet  wide.  Each  of  these  is  opened  for  400  or  500  feet  and  b 
shown  to  be  fairly  persistent,  though  low  grade. 

OHKS. 

The  characteristic  copper  ore  encountered  in  the  county  is  coarse 
quartz  studded  and  stained  witli  the  alteration  products  of  clialco- 
pyrite.  Of  these,  boniite  and  malaclute  are  most  abundant,  the  for- 
mer being  the  predominant  inuieral  at  the  Copper  Queen  mine. 
Chalcocite  is  common  in  some  properties  (Copper  Eling).  In  general, 
azurite,  cuprite,  chrysocoUa,  covelhte,  and  melaconite  are  decreasingly 
abundant  in  the  order  named.  Altliougli  chalcopyrite  appears  to  be 
the  source  of  most  of  tlie  minerals,  it  is  not  conspicuous  witlun  the  limits 
of  present  development.  It  occurs  as  cores  surrounded  by  bomite, 
covellite,  and  rarely  by  inalacliite,  and  as  irregular  bunches,  streaks, 
or  isolated  crystids,  whicli,  by  reason  of  local  conditions,  liave  not 
been  oxidized.  Gold  is  associated  with  the  copper  in  all  of  the  de- 
posits, as  is  tdso  pyiite. 

AfSK    AM)    GENESIS. 

There  seems  to  be  (»verv  gra<hition  between  the  pyritiferous  gold 
veins  and  the  auriferous  copper  deposits.  The  Carmen  Creek  mine 
is  classed  with  the  gold  veins,  altliough  it  nught  almost  equally  well 
b(»  classed  witli  tlie  coj)j)er  deposits.  The  Copper  Queen  mine  is  con- 
siilered  a  copper  property,  but  it  might  wdth  equal  justification  be 
liste<l  with  the  gold  properti(>8.  It  is  further  noteworthy  that  chal- 
copyrite is  prc^sent  in  all  the  late  Cretaceous  gold  veins  and  pyrite  in 
jdl  the  copper  (K^posits.  As  the  gold  and  C()|)per  deposits  possess  like 
cliaracterLstics  excei)t  for  their  relative  content  of  pyrite  and  chalco- 
pyrite and  as  the  above  stated  relations  exist  between  tliese  it  is  con- 
(rluded  tlittt  the  deposits  are  of  the  sanies  age  and  genesis.  In  the  cop- 
per deposits  chalcopyrite  simply  replaces  pyi'ite,  hence  the  discussion 
as  to  the  age  and  genesis  of  the  gold-beaiing  veins  (see  p.  62)  applies 
to  copper-bearing  veins  and  leads  to  tlie  conclusion  that  they  are  late 
C-retaceous  or  early  Eocene  and  are  genetically  related  to  the  late 
Ovtiiroous  granite  intrusion. 


L,  EAST  END  or  BELIEL  GROUP,  BLACKBIRD  DISTRICT, 
Jadi,    B.  EfflDiBicance  d<  iiyltiirt*  v\  tuiltc*  o(  \ate. 


.    COBALT  ORE  FROM  BROOKLYN  CLAIM.  BLACKBIRD  DISTRICT. 
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COSALTITE  f'l  REPLACIMG  BIOTITE  1>N0  QUkftTl  ™  k  a\OTlT(C  QUAHTZITE.  BLACKBIRD 
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OOBALT-NICKBL  DEPOSITS. 
DISTRIBUTION. 

The  known  cobalt-nickel  deposits  of  the  area  are  confined  to  the 
Blackbird  district  in  the  west-central  part  of  the  county.  The  most 
promising  properties  are  situated  near  the  junction  of  north  and 
south  forks  of  Blackbird  Creek.  Thence  northward,  prospects  are 
located  for  5  to  6  miles — the  most  northern  ones  being  situated  about 
the  head  of  Little  Deer  Creek,  a  small  stream  which  flows  north  into 
Big  Creek.     (See  PI.  XI,  A,  B.) 

GEOIX)OrC    RELATrONS. 

The  deposits  are  situated  in  an  area  of  Algonkian  schists  and 
quartzites,  cut  by  diabase  and  lamprophyre  (minette)  dikes.  That 
a  portion  of  the  great  granite  batholith  imderlies  part  of  the  area  is 
suggested  by  its  occurrence  in  Big  Creek  valley,  and  by  the  extensive 
metamorphism  of  the  Algonkian  sedimentary  rocks.  Biotite  is  the 
most  abimdant  mineral  developed,  although  locally  garnet  and 
chiastolite  crystals  were  noted.  In  general  the  Algonkian  beds  strike 
N.  60^-80'*  E.  and  dip  40^-60°  NW.  Crossmg  their  strike  is  a  strong 
joint  system  which  strikes  N.  lO'^-^O^  W.  and  dips  80°  SW. 

Gabbro  dikes  as  much  as  100  feet  wide  parallel  the  mineralized 
belt  in  north-south  direction.  They  are  blue-black  holocrystalline 
rocks  consisting  of  hornblende,  diopside,  plagiodase,  and  biotite, 
with  accessory  pjnrrhotite,  pyrite,  titanite,  and  apatite.  Minette 
dikes  appear  to  follow  both  the  strike  of  the  formations  and  the  cross 
joints.  They  are  fine-grained  dark-gray  resinous  rocks  consisting  of 
biotite  and  orthoclase  accompanied  by  subordinate  amounts  of 
plagioclase  and  hornblende. 

CHARACTER   OF  THE    DEPOSITS. 

Most  of  the  deposits  are  lenslike  bodies,  although  a  few  assume 
the  broadly  tabular  form  of  veins.  (See  PI.  XII,  A.)  Again,  they 
form  bunches  or  occur  as  disseminations  along  certain  favored  zones. 
In  one  place  (Hawkeye  group)  irregular  bunches  of  nickeliferous 
pjnrrhotite  up  to  4  or  5  inches  in  diameter  are  sparsely  scattered 
through  a  gabbro  dike.  This  pyrrhotite  may  be  a  direct  segregation 
from  the  gabbro  magma,  but  the  fractured  condition  of  the  spec  mens 
secured  precludes  definite  determination.  Elsewhere  deposits  are 
primarily  of  replacement  origin,  the  fine-grained  metallic  minerals 
being  distributed  in  bimches,  lenses,  and  disseminations  along  ill- 
defined  zones  in  the  schist  or  quartzite.  (See  PI.  XII,  B.)  The  ore 
minerals  are  everywhere  accompanied  by  quartz,  which  in  places  is 
coarse  and  includes  them  as  gangue  but  elsewhere  is  exceedingly 
fine-grained  and  is  intergrown  with  them. 
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Most  of  the  outcrops  of  the  cobalt-nickel  deposits  are  stained  by 
erythrite,  the  pink  to  pearl-gray  cobalt  blossom,  and  annabergite,  the 
pale  apple-green  nickel  compound.  In  addition,  malachite,  limonite, 
and  pyrolusite  are  present  in  many  outcrops.  The  primary  cobalt  and 
nickel  minerals  are  difficult  to  rec^ognize,  owing  to  their  occurrence 
in  grains  of  microscopic  size  which  are  invariably  intergrown  with 
something  else.  At  least  two  cobalt  minerals  in  the  area  are  prob- 
ably primary:  The  one  is  a  reddish-gray  mineral  (Gray  Eagle  claim) 
which  occurs  in  very  small  grains  replacing  biotite  and  quartz  in  a 
gametiferous  biotitic  quartzite;  the  other  is  a  steel-gray  mineral, 
which  occurs  as  minute  grains  distributed  through  the  quartzitic 
rock  on  the  west  end  of  the  Belielgroup.  The  former  is  probably  cobalt- 
ite  and  the  latter  is  possibly  smaltite.  Most  of  the  nickel  of  the  area 
is  thought  to  be  in  the  form  of  nickeliferous  pyrrhotite,  a  specimen  of 
this  mineral  from  the  Togo  claim  yielding  0.8  per  cent  nickel.  A  pale 
copper-red  mineral,  rarely  seen  in  the  Togo  ores,  may  be  niccolite. 

The  properties  are  too  little  developed  to  establish  the  tenor  of  the 
ores.  A  sample  representing  20  feet  across  the  ledge,  as  exposed  by 
tunnel  on  the  west  end  of  the  Beliel  group,  averaged  a  fraction  less 
than  2  per  cent  cobalt.  The  east  end  of  this  property  afforded  2  per 
cent  of  nickel  and  less  than  1  per  cent  of  cobalt.  As  now  developed 
this  seems  to  be  the  best  cobalt-nickel  deposit. 

AGE   AND   GENESIS. 

Within  Ijemhi  Ck)unty  it  is  impossible  to  differentiate  the  times  of 
deposition  of  the  cobalt-nickel,  copper,  and  gold  deposits.  The 
relations  indicate  that  they  all  belong  to  the  same  general  period 
of  mineralization,  and  as  the  gold  veins  are  assigned  to  the  late 
Cretaceous  or  early  Eocene  and  are  genetically  related  to  the  great 
granite  mass,  the  other  deposits  also  are  credited  to  the  same  age 
and  origin.  The  coextent  of  the  gabbro  dikes  and  the  cobalt-nickel 
deposits,  and  the  inclusion  of  nickeliferous  pyrrhotite  in  the  gabbro 
in  a  manner  to  suggest  its  derivation  from  the  gabbro  magma,  pK>ints 
to  a  close  relation  between  the  two.  This,  however,  is  probably  a 
minor  though  an  important  feature  in  the  broader  relation  between 
the  granite  batholith  and  the  deposits. 

The  cobalt-nickel  deposits,  therefore,  are  thought  to  be  of  late 
Cretaceous  or  early  Eocene  age  and  to  be  genetically  related  to  the 
great  granite  intrusion.  They  are  closely  associated  with  gabbro 
dikes,  which  are  probably  differentiations  from  the  granite  magna. 


>*  BLUE  WING  DISTRICT. 
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TUNGSTEN  DEPOSITS. 
DISTRIBUTION. 

Tungsten  occura  in  the  Blue  Wing  district,  situated  20  miles  south- 
west of  Leadore.  This  district  includes  a  township  or  so  along  Patter- 
son Creek,  a  northern  tributary  to  Pahsimeroi  River  near  its  head. 
Gold  locations  were  made  in  the  district  as  early  as  1881,  but  tungsten 
was  not  recognized  until  1903.  Since  then  it  has  attracted  some  atten- 
tion, and  recently  active  operations  have  been  begun.  A  50-ton 
concentrating  mill  is  now  running,  and  the  concentrates  will  be 
hauled  to  Leadore  as  soon  as  the  road  now  in  course  of  construction 
is  completed. 

CHARACTER   OF  THE    DEPOSITS. 

The  deposits  are  fissure  veins  along  the  axis  of  a  pronounced  anti- 
cline which  strikes  N.  30*^  to  40°  W.  Quartzitic  slates  and  schists 
of  Algonkian  age  inclose  the  deposits.  No  igneous  rock  crops  out  in 
the  immediate  vicinity,  although  quartz  diorite  is  known  to  occur 
at  several  places  along  the  Lemhi  Range. 

ORES. 

The  ore  consists  of  coarsely  crystalline  quartz,  which  occurs  in 
veins  varying  in  width  from  stringers  up  to  4  feet  and  rarely  up  to 
12  feet.  Irregularly  scattered  through  the  quartz  are  small  bunches 
of  sphalerite,  bladed  crystals  of  htlbnerite,  small  areas  of  tetrahe- 
drite,  and  specks  of  molybdenite  and  galena.  (See  PL  XIII,  C) 
Secondary  to  these  are  limonite,  malachite,  azurite,  cerargyrite, 
bomite,  chalcocite,  and  cuprite.  Scheelite,  probably  also  secondary, 
was  noted  as  pale-yellow  druses  lining  a  small  cavity  and  as  specks 
ill  the  loose  granular  filling  of  some  crevices.  Manganese  oxides 
(PI.  XIII,  A)  are  secondary,  although  their  derivation  was  not  recog- 
nized. Molybdenite  occurs  bunched  along  fractures  and  in  the  inter- 
stices of  brecciated  quartz  in  a  manner  to  suggest  its  secondary 
origin.  This  mineral,  however,  because  of  its  graphite-like  character, 
is  likely  to  be  squeezed  out  of  its  gangue  if  that  is  crushed  and  to 
accuinulate  in  fractures  and  interstices.  Molybdenite  is  not  known 
to  be  a  secondary  mineral  and  it  is  thought  that  the  above  explana- 
tion accounts  for  its  occurrence  m  this  deposit.  The  paragenesis  of 
the  several  primary  mmerals  is  discussed  elsewhere  (p.  111). 

GENESIS. 

The  tungsten  veins  can  be  traced  up  the  canyon  side  almost,  if 
not  quite,  to  the  level  of  the  Eocene  surface;  hence  they  antedate 
its  formation.  As  only  two  periods  of  mineralization  have  been 
recognized  in  this  part  of  Idaho  and  the  later  is  post-Eocene,  these 
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deposits  are  assigned  to  the  earlier,  which  is  of  late  Cretaceous  or 
early  Eocene  age.  They  are  also  believed  to  be  geneticaUy  related 
to  the  great  granitic  intrusion  which  gave  rise  to  the  older  period  of 
mineralization.  Along  the  Lemhi  Range  the  granitic  activity  is 
represented  by  numerous  dikes  and  a  few  bosses  of  quartz  diorite. 
The  tungsten  deposits  are  thought  to  be  a  phase  of  this  activity. 

TIN  DEPOSITS. 

Placer  tin  has  been  found  along  Panther  Creek  near  its  junction 
with  Moyer  Creek  and  along  Silver  Creek  below  Rabbitfoot.  The 
latter  deposit  has  been  prospected  sufficiently  to  show  the  absence 
of  tin  in  commercial  quantity,  but  the  former  is  inadequately  devel- 
oped. 

Tlie  metal  occurs  as  the  oxide,  cassiterite,  and  is  of  the  variety 
comnfonly  kno\^ii  as  stream  tin.  Individual  pieces  vary  in  size 
from  small  rounded  grains  to  pebbles  a  half  inch  or  more  in  diameter. 
The  tin  pebbles,  as  they  occur  on  Panther  Creek,  are  sparsely  dis- 
tributed through  the  lower  portion  of  a  bed  of  gravels  which  varies 
from  4  to  20  feet  in  thickness.  This  deposit  has  not  been  thoroughly 
prospected  and  little  is  known  of  its  merits. 

The  source  of  the  tin  is  not  known,  although  it  is  safe  to  assume 
that  it  Ls  concentrated  from  primaiy  deposits  formed  during  the 
older  period  of  mineralization. 

MINERALOGY  OF  LEMHI  COUNTY   ORBS. 
GENERAL  FEATURES. 

Sixty-three  mineral  species  are  recognized  in  the  ores  of  Lemhi 
County.  Seven  of  these  (actinolite,  chlorite,  epidote,  forsterite, 
garnet,  mizzonite,  and  sericite)  are  not  strictly  ore  minerals,  but  their 
association  \^dth  the  ores  where  they  are  found  is  so  intimate  that 
they  are  included  in  the  following  list.  It  is  concluded  (pp.  56,  62-63) 
that  the  deposits  of  the  county  were  formed  during  two  general 
periods  of  mineralization,  the  older  being  late  Cretaceous  or  early 
Eocene,  and  the  younger  late  Micoene  or  early  Pliocene.  It  is  note- 
worthy that  most  of  the  minerals  of  the  area  appear  in  most  of  the  older 
deposits.  Pyrite,  chalcoi)yrite,  galena,  and  sphalerite,  although  vary- 
ing greatly  in  relative  amount  from  place  to  place,  are  omnipresent,  and 
they  are  all  included  in  coareely  crystallized  quartz.  The  younger 
deposits  are  characterized  by  fine-grained  quartz,  adularia,  sericite*, 
opal,  and  chalcedony. 

ORE   MINERAI^. 

Any  list  of  minerals  based  on  reconnaissance  studies  is  pretty  sure 
to  be  incomplete,  and  the  considerable  variety  noted  in  Lemhi  County 
suggests  that  many  others  are  present.    In  the  following  list  the 
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known  species  are  arranged  in  alphabetic  order,  and  eacli  is  accom- 
panied by  brief  notes  on  its  occurrence. 

Actinolite. — ^The  metamorphic  silicate  actinolite  is  developed  in 
schists  included  in  the  deposits  on  Carmen  Creek.  It  is  probably 
also  present  in  the  cobalt-nickel  ores  of  the  Blackbird  district. 

Advlaria, — ^Vein  feldspar  (adularia)  is  very  abundant  in  the  ores 
from  the  Gravel  Range  district  and  is  probably  present  in  the  Parker 
Mountain  district.  It  occurs  in  minute  crystals  of  microscopic  size 
and  generally  of  rhombic  outline.  A  few  crystals  are  included  in 
quartz  grains,  but  mostly  they  are  intergrown  with  them. 

AnglesiU. — ^Although  lead  sulphate  (anglesite)  was  seen  only  in 
the  Texas  and  Junction  districts,  it  is  probably  present  elsewhere. 
It  occurs  as  a  transition  form  in  the  alteration  of  galena  to  cerusite 
but  is  nowhere  abundant. 

Annabergite. — Nickel  bloom  (annabergite)  is  conspicuous  in  the 
outcrops  of  nickel  deposits  in  the  Blackbird  district.  It  occurs  as 
crusts  and  stains  of  pale  apple-green  color. 

ArgerUite. — Silver  sulphide  (ai^entite)  was  noted  in  small  amounts 
in  the  Pittsburgh-Idaho  mine  of  the  Texas  district. 

ArsenopyrUe. — ^Iron  sulpharsenide  (arsenopyrite)  occurs  inter- 
grown with  quartz  in  some  of  the  veins  at  Mineral  Hill  and  also  in 
the  older  deposits  at  Blackbird. 

Asbcliie. — ^Earthy  cobalt  (asbolite)  is  found  along  a  few  crevices  in 
the  cobalt  deposits  of  the  Blackbird  district. 

Azurite. — ^Thc  blue  carbonate  of  copper,  azurite,  although  nowhere 
as  abundant  as  malachite,  was  noted  in  most  of  the  districts  of  the 
county.  It  occurs  in  the  oxidized  portion  of  those  veins  which  bear 
copper  minerals. 

Barite. — ^Barium  sulphate  or  heavy  spar  (barite)  is  intergrown 
with  quartz  in  one  of  the  gold  veins  at  Mineral  Hill  and  occurs  also 
as  a  gangue  mineral  in  two  deposits  of  lead-silver  ore  at  Spring  Moun- 
tain.    It  is  nowhere  abundant 

Biotite. — ^Biotite  is  developed  as  beautiful  rosettes  in  some  of  the 
cobalt-nickel  ores  (Togo  claim  especially). 

Bomite. — ^Bomite  occurs  abundantly  in  the  deposits  along  the 
Continental  Divide  and  free  gold  commonly  accompanies  it.  In  the 
Copper  Queen  mine  it  constitutes  a  copper  ore.  It  was  noted  in 
small  amounts  in  many  other  parts  of  the  county. 

Braunite, — ^The  oxide  of  manganese  (braunite)  occurs  in  the  ores  of 
the  Kittie  Burton  mine,  Indian  Creek  district,  as  small  brownish- 
black  granular  masses  and  scattered  minute  pyramidal  crystals. 

Calamine. — ^Hydrated  zinc  silicate  (calamine)  occurs  in  beautiful 
needle  crystals  and  sheaf-like  aggregates,  protruding  from  the  walls 
of  small  cavities  in  the  ores  of  the  lead-silver  deposits.  The  crystals 
are  usually  set  on  a  baae  of  smithsonite. 
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CalcUe. — Lime  carbonate  (calcite)  is  widespread  iii  the  area,  occur- 
ring  ill  subordinate  amounts  in  the  gaiigue  of  most  veins. 

CaasiieriU. — Stream  tin  occurs  along  Panther  Creek  near  its  junc- 
tion with  Moyer  Creek  and  is  also  reported  from  Silver  Creek.  In 
neither  place,  however,  have  deposits  of  commercial  extent  been 
demonstrated. 

CerargyrUe. — ^Ilom  silver  (cerargyrite)  occurs  in  very  small  parti- 
cles in  the  oxidized  portions  of  the  lead-silver  deposits,  being  one  of 
the  products  in  the  breaking  down  of  argentiferous  galena.  It  was 
also  noted  as  a  secondary  product  at  the  Carmen  Creek  mine  and  in 
the  Blue  Wing  district. 

Ceruaite, — I^ead  carbonate  (cenisite)  is  by  far  the  most  important 
lead  mineral  mined  in  Lemhi  (bounty.  It  constitutes  the  principal 
ore  in  the  Nicholia,  Spring  Mountam,  and  Texas  districts. 

Chulcedony. — CTialcedony  was  noted  only  in  the  ores  at  Parker 
Mountain,  although  it  is  probably  present  in  the  other  late  Tertiary 
veins. 

Chalcociie. — Chopper  glance  (chalcocite),  though  nowhere  abundant, 
can  generally  be  found  a  short  distance  below  the  surface  in  the 
copper-bearing  deposits. 

CJudcopyriU, — C^alcopyrite  is  one  of  the  persistent  minerals  of  the 
area,  occurring  in  all  the  districts  and  in  most  of  the  deposits.  In 
places  it  is  associated  with  gold,  but  commonly  is  an  inconspicuous 
companion  of  pyrite.  It  occurs  in  very  subordinate  amounts  in  the 
lead-silver  deposits. 

Chlorite. — tUorite  is  developed  in  many  fragments  of  schist 
Inclosed  in  the  vein  filling.  It  appears  in  tliis  relation  in  the  Eureka 
and  Blackbird  districts. 

CohaUite. — ^A  silver-w^hite  cobalt  mineral  inclined  to  red  occurs  in 
grains  of  microscopic  size  in  the  ores  of  the  Blackbird  district.  It  is 
probably  cobaltite. 

Copper, — Native  copper  occurs  as  films  along  some  of  the  fractures 
of  oxidized  ores  in  the  Indian  CYeek  district.  It  was  not  noted  else- 
where. 

CoveUite, — ^The  copper  sulphide  covellite  was  noted  in  a  specimen 
from  the  Blackbird  district.  It  occurs  as  beautiful  indigo-blue 
crusts  surrounding  cores  of  chalcopyrite,  which  in  turn  are  surrounded 
by  iron  oxide. 

ChrysocoUa, — Chopper  silicate  (chrysocolla)  was  noted  as  a  secondary 
mineral  in  the  C\)pper  King  vein. 

Cuprite. — Red  copper  oxide  (cuprite)  is  found  in  massive  and  fine- 
grained forms  in  a  few  parts  of  the  (,\)pper  Queen  and  Copper  King 
mines  and  in  the  Patterson  Creek  district. 

Epidote. — ^The  complex  aluminum  silicate  epidote  occurs  at  the 
Copper  King  mine  and  at  the  Cannen  Creek  property  in  small  green 
prismatic  crystals  in  fragments  of  schist  inclosed  in  the  veins. 
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EryihrUe. — Cobalt  bloom  (erythrite)  occurs  as  an  earthy  incrusta- 
tion of  pink  and  pearl-gray  color  on  the  outcrops  of  cobalt  deposits  in 
the  Blackbird  district.  In  places,  as  on  the  Beliel  group,  this  mineral 
is  so  abundant  on  the  faces  of  cliffs  that  it  can  be  seen  for  half  a  mile 
or  more. 

ForsterUe. — ^The  magnesium-rich  olivine  forsterite  was  noted  in  a 
specimen  of  metamorphosed  limestone  which  occurs  in  connection 
with  galena  along  the  contact  with  the  diorite  dike  in  Dry  Gulch, 
Spring  Mountain  district.     It  is  developed  in  dolomitic  limestone. 

Galena. — Galena  is  widespread  in  the  area,  occurring  in  all  the 
deposits  except  those  of  late  Tertiary  age.  Although  it  is  the  source 
of  the  minerals  which  constitute  the  ore  in  most  of  the  lead-silver 
properties,  it  is  worked  only  in  the  Junction  district.  It  occurs  both 
in  coarse  crystals  and  fine-grained  aggregates,  steel  galena. 

Garnet — Garnet  occurs  at  several  places  in  the  schists  of  the  area, 
but  its  association  with  mineral  deposits  was  noted  in  only  a  few 
localities.  One  of  these  is  at  Spring  Mountain,  where  it  is  associated 
with  the  forsterite,  and  the  other  is  in  the  copper  deposits  of  the 
Copper  Eling  mine,  whore  it  seems  to  be  especially  developed  in 
proximity  to  the  vein. 

Oold.^N Atiye  gold  is  widespread  in  the  deposits  of  Lemhi  County, 
small  amounts  of  it  occurring  even  in  the  lead-silver  veins.  In 
the  Tertiary  veins  it  is  generally  very  fine  grained,  but  in  many  of 
the  older  deposits  it  is  sufficiently  coarse  to  be  seen  readily  with  the 
unaided  eye.  Workable  placers  have  resulted  only  from  the  older 
veins. 

Hiibnerite, — ^Manganese-rich  tungstate  (hftbnerite)  appears  as 
long-bladed  crystals  and  irregular  patches  in  the  quartz  of  the  Blue 
Wing  district.  It  contains  2.01  per  cent  ferrous  oxide,  which  mdi- 
cates  that  about  21.4  per  cent  of  manganous  oxide  is  present.  It 
forms  an  ore  of  tungsten. 

Iron  oxide. — Iron  oxide  is  widespread  in  the  oxidized  zone  of  all  the 
deposits  in  the  district. 

Linnseite. — ^A  steel-gray  cobalt  mineral,  which  weathers  to  a  reddish 
tinge,  occurs  in  grains  of  microscopic  size  in  the  cobalt  ores  of  the 
Blackbird  district.  Although  not  definitely  determined  it  is  possible 
that  this  mineral  is  linnseite. 

Magnetite. — Magnetic  iron  appears  in  connection  with  the  ores  on 
Carmen  Creek  and  in  some  of  the  veins  in  the  Mineral  Hill,  Mackinaw, 
and  Eureka  districts.  It  is  developed  extensively  in  the  copper 
deposit  (Bruce  estate)  on  Spring  Mountain. 

Malachite. — ^The  green  copper  carbonate  (malachite)  is  present  in 
most  of  the  deposits  of  the  county.  It  is  only  abundant,  however, 
in  connection  with  the  copper  lodes. 

Manganese  oxide. — ^Manganese  oxide  is  coextensive  with  iron  oxide. 
In  places  in  the  lead-silver  deposits  it  is  very  conspicuous. 
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MarcdsiU. — Beautiful  spherical  nodules  of  marcasite,  up  to  1^ 
inches  in  diameter,  were  secured  from  the  Tertiary  beds  a  mile  south 
of  Salmon.    The  inclosing  rock  is  loosely  cemented  clay  sandstone. 

Mdaconite. — ^A  little  of  the  black  copper  oxide  (melaconite)  occurs 
in  the  oxidized  ores  of  Copper  King  mine. 

Minium. — Minium  was  noted  in  a  very  few  places  as  a  bright-red 
powder  of  greasy  luster,  partly  filling  little  cavities  near  the  surface 
of  the  deposit  in  the  Pittsburgh-Idaho  mine. 

Mizzonite, — The  variety  of  scapoUte  known  as  mizzonite  ap]>ears  in 
one  of  the  sUdes  from  the  Yellow  Jacket  district.  It  occurs  in  poiki- 
litic  areas,  including  considerable  amounts  of  hornblende. 

Molybdenite, — Molybdenum  sulphide  was  noted  as  films  along  frac- 
tures and  as  minute  scales  and  grains  intergrowii  with  the  primary 
minerals  in  the  tungsten  deposits  of  the  Blue  Wing  district. 

Niccolite. — A  i)ale  copper-red  mineral  with  dark  tarnish  occurs  in 
small,  indistinct  crystals  in  the  ore  of  the  Togo  claim,  Blackbird  dis- 
trict.    It  is  possible  that  tliis  mineral  is  niccolite. 

Opal. — Opal  occurs  as  linings  of  microscoi)ic  cavities  in  the  Parker 
Mountain  ore.  Properties  have  been  located  for  the  exploitation  of 
opal  in  the  eastern  part  of  the  Gravel  Range  district,  where  the 
mineral  occurs  as  linings  in  the  vesicules  of  rhyolite  flows.  It  has  not 
been  found  in  commercial  quantities. 

PyrrhotUe. — Pyrrhotite  is  intergrown  with  quartz  in  the  Kitty  Bur- 
ton vein,  Indian  Creek  district.  It  is  also  consj)icuous  in  the  Black- 
bird district,  where  much  of  it  is  nickeliferous.  It  occurs  intergroMm 
with  quartz  and  possibly  as  a  segregation  in  diabase. 

Proustite.  — Silver  sulpharsenite  (proustite)  was  seen  as  small  red 
crusts  on  specimens  from  Carmen  Creek.  It  is  also  said  to  have  been 
found  occasionally  in  the  oxidized  ores  of  the  Texas  and  Spring 
Mountain  districts. 

Pyrite. — Pyrite  appears  in  all  the  deposits  of  the  county.  In  many 
of  the  gold  veins  it  is  auriferous. 

PyrargyriU. — Thin  films  and  fibers  of  the  steel-gray  silver  mineral 
pyrargyrite  have  been  found  occasionally  in  the  Junction  district. 

PyrolusiU. — Pyrolusite,  worthy  of  special  mention  because  of  its 
beautiful  dendritic  forms,  is  abundant  in  many  places  along  fractures 
and  bedding  i)lanes  in  limestone  adjacent  to  the  lead-silver  deposits. 

Pyromorphite. — Short,  deei)ly  striated  hexagonal  prisms  of  pyro- 
morj)hite  have  been  secured  from  the  ores  of  the  Texas  district.  It  is, 
however,  one  of  the  rarer  minerals  of  the  deposits. 

Quartz. — Quartz  is  widespread  in  the  county. 

Rhodochrosite. — Rhodochrosite  is  meagerly  developed  in  the  Kitty 
Burton  vein,  Indian  Creek  district.  A  beautiful  specimen  from  the 
Blackbird  district  was  examined ;  its  mode  of  oc(!urrence  is  not  known. 
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Schedite. — Calcium  tungstate  (scheelite)  occurs  in  the  Blue  Wing 
district  as  thin  crusts  and  specks  of  pale  yellow  to  white,  lining  open 
spaces  in  the  coarse  quartz  gangue. 

Selenide  of  gold  or  silver. — ^A  strong  trace  of  selenium,  which  prob- 
ably occurs  as  a  selenide  of  gold  or  silver,  perhaps  both,  was  found  in 
the  ores  from  the  Monument  mine,  Gravel  Range  district.  Its  source 
is  probably  a  blue-black  mineral  which  occurs  in  scattered  and  bunched 
grains  of  microscopic  size.  The  similarity  of  these  grains  to  others 
noted  in  the  Parker  Mountain  ores  suggests  that  in  them  also  selenium 
may  be  present. 

Sericite. — Fibrous  white  mica  (sericite)  is  probably  widespread  in 
the  area,  although  it  was  noted  only  in  specimens  from  the  Indian 
Creek,  Mineral  Hill,  Mackinaw,  and  Parker  Mountain  districts.  In 
the  latter  district  it  occurs  both  in  the  quartz  and  in  the  wall  rock 
adjacent  thereto.  In  the  quartz  it  is  probably,  in  part  at  least,  derived 
from  adularia.  It  invariably  occurs  as  foils  and  shreds  of  micro- 
scropic  size. 

Siderite. — Iron  carbonate  (siderite)  appears  in  small  amounts  in 
many  of  the  lead-silver  deposits.  Specimens  were  also  noted  from 
the  Blackbird  and  Blue  Wing  districts.     (See  PI.  XIII,  B,  p.  ,72.) 

Silver. — Native  silver,  though  apparently  very  rare,  has  been  found 
in  some  of  the  ores  of  the  Texas  district.  It  is  also  reported  from 
the  Gold  Flint  property  of  the  Mackinaw  district. 

Smaitite. — ^A  cobalt  arsenide,  possibly  smaltite,  occurs  in  the 
Blackbird  district,  in  fine  grains  of  microscopic  size,  as  a  replacement 
in  quartzite  and  schist.  It  is  perhaps  the  most  abundant  cobalt 
mineral  in  the  district. 

Smith^onite. — Zinc  carbonate  (smithsonite)  is  present,  though  in 
few  places  abundant,  in  the  several  lead-silver  deposits  of  the  area. 

Specularite. — Beautiful  tabular  crystals  of  specular  iron  are  present 
in  some  of  the  veins  of  the  Blackbird  district.  Specularite  w^as  also 
noted  in  the  Mackinaw  district  and  as  a  micaceous  replacement  in 
dolomite  in  the  Blue  Wing  district. 

Sphalerite. — Sphalerite  is  widespread  in  the  several  districts  of  the 
area,  although  nowhere  in  sufficient  amount  to  constitute  an  ore  of 
zinc.  As  much  as  10  per  cent  zinc,  probably  mostly  from  secondary 
minerals  derived  from  sphalerite,  appears  in  some  of  the  lead-silver 
deposits. 

Sulphur. — Native  sulphur,  partly  filling  small  cavities  due  to  the 
removal  of  pyrite,  was  noted  in  one  of  the  Clipper  Bullion  veins.  Min- 
eral Hill  district. 

Tetrdhedrite. — Gray  copper  (tetrahedrite)  carrying  1.9  per  cent 
silver  occurs  as  irregular  patches  and  specks  in  the  ores  of  the  Blue 
Wing  district. 
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OXIDATION  AND  GBOUND-WATBB  LEVBI.. 

The  depth  of  oxidation  is  one  of  tlie  most  vital  questions  in  the 
exploitation  of  the  gold  veins  of  Lemhi  County^  for  the  unoxidized 
ores  yield  only  a  small  percentage  of  their  gold  to  amalgamation,  and 
many  of  them  contain  sufficient  copper  to  interfere  seriously  with 
cyanide  treatment.  Most  of  the  properties  were  temporarily  aban- 
doned when  primary  ores  were  reached,  but  a  few,  especially  those 
at  Gibbonsville  and  Ulysses,  have  continued  to  be  operated. 

In  most  parts  of  the  county  oxidation  is  almost  complete  for  100 
to  150  feet  below  the  surface,  but  in  the  lead-silver  areas  it  extends 
locally  much  deeper,  in  places  possibly  a  thousand  feet  deeper.  With 
few  exceptions  (notably  in  the  Leadville  mine)  oxidation  reaches  to 
or  below  ground-water  level.  Wliere  it  extends  below  water  level, 
however,  the  deposits  are  well  above  an  adjacent  valley  which  deter- 
mines the  low  points  in  the  water  table,  for  it  can  not  be  assumed  that 
because  water  will  stand  in  a  shaft  on  a  hillside  circulation  toward 
the  valley  (in  many  instances  active  flow)  does  not  take  place.  A 
shaft  thus  situated  may  serve  as  a  secondary  low  point  in  the  water 
table  and  may  contain  water,  but,  structural  relations  being  normal, 
there  will  be  flow  from  it  to  low  points  in  the  water  table.  There- 
fore, as  descending  ground  water  is  an  active  oxidizing  agent,  de- 
(K)sits  situated  on  a  hillside  can  not  be  considered  abnormal  even  if 
oxidation  extends  well  below  the  level  at  wliich  water  stands  in 
adjacent  shafts.  In  Lemhi  County,  Gibbonsville  (p.  13)  offers  the 
best  illustrations  of  this  relation. 

AGE  AND  GENESIS  OF  THE  ORES  BY  GBOXTPS. 

SUPERFICIAL   DEPOSITS. 

The  superficial  dei)osits  of  I^emhi  County  consist  entirely  of  gold 
I)lacers.  In  age  they  are  Miocene  (part  of  those  on  Kirtley  Creek), 
Pliocene  (Moose  Oeek,  Bohannon  Bar,  Kirtley  Creek,  Leesburg  Basin), 
post-Pleistocene  (Phelan  Creek,  part  of  Ijccsburg  Basin);  and  very 
recent  (Ilaidee  mine).  Of  the  several  groups  those  of  Pliocene  age 
have  afforded  nearly  all  the  production.  The  sources  of  all  the  com- 
mercial gold  placers  are  the  late  Cretaceous  gold  quartz  veins  or 
stringers.  Thus,  at  Leesburg  the  gold  has  come  from  known  de- 
j)osits  on  the  west,  and  at  Moose  Oeek  from  veinlets  and  lenses  in 
the  granite  on  the  east.  Above  Bohannon  Bar  no  veins  have  been 
found,  but  on  Kirtley  Creek  lode  deposits  are  worked.  The  late 
Tertiary  gold  veins  at  Rabbitfoot  have  yielded  placers,  but  the  pro- 
duction has  been  meager. 
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INCLOSED   DEPOSITS. 
ULTX  TZSTIARY  GOLD  VXnrS. 

Late  Tertiary  veins  in  the  county  are  included  in  Miocene  rhyolites 
or  in  rocks  once  capped  by  them.  On  the  other  hand,  deep  valleys, 
glaciated  in  their  upper  parts,  cross  the  lodes  at  Myers  Cove  and 
Parker  Mountain.    Thus  the  veins  are  late  Miocene  or  early  Pliocene. 

The  wall  rock  of  the  deposits  shows  considerable  alteration,  seri- 
citizati&n  and  silicification  being  the  important  processes.  Within 
the  veins  adularia  is  remarkably  abimdant  locally,  pyrite  is  generally 
present,  and  selenium,  probably  as  a  selenide,  is  known  to  occur. 
It  is  concluded,  therefore,  that  the  veins  were  formed  by  hot  ascend- 
ing solutions  which  deposited  along  the  main  channels  and  permeated 
the  adjacent  rocks.  These  solutions  were  rich  in  silica,  aluminum, 
potash,  and  contained  iron,  sulphur,  and  appreciable  amounts  of 
gold,  silver,  and  selenium. 

The  confinement  of  this  type  of  veins  to  the  proximity  of  eruptive 
rocks  strongly  suggests  a  genetic  relation  between  the  two.  The 
veins  and  rhyolites  should  probably  be  considered  different  expres- 
sions of  the  same  general  phenomenon. 

LATB  CBETAOXOirS  OR  XAKLY  BOCBne  DEPOSITS. 

The  deposits  formed  during  the  earlier  period  of  mineralization 
present  a  great  variety  of  types.  Some  are  inclosed  in  gneiss,  some 
in  granite,  some  in  Algonkian  sedimentary  rocks,  and  some  in 
Paleozoic  limestones,  dolomites,  quartzites,  and  shales.  In  internal 
make-up  the  deposits  comprise  pyrite  gold  veins,  chalcopyrite  gold 
veins,  lead-silver  deposits,  cobalt-nickel  deposits,  and  tungsten 
deposits.  In  form  they  vary  from  fissure  veins  to  lenses  in  schist 
and  replacements  in  limestone.  Notwithstanding  these  differences 
in  the  nature  of  inclosing  rock,  in  mineralogy  and  in  form  they  have 
many  points  in  common.  All  gradations  exist  between  pjrite  and 
chalcopyrite  gold  veins,  although  generally  either  chalcopyrite  or 
pyrite  greatly  predominates.  In  all  types  galena  is  present,  though 
only  locally  in  commercial  amounts,  and  gold  is  equally  widespread. 
The  tungsten  deposits  seem  to  be  a  special  phase  of  the  chalcopyrite 
gold  veins  and  the  cobalt-nickel  deposits  also  are  closely  related  to 
veins  of  this  type.  Throughout  the  deposits  here  grouped,  coarsely 
crystallized  quartz  is  characteristic. 

From  these  gradations  and  similarities,  and  as  all  the  deposits 
antedate  the  Eocene  erosion  surface  and  are  later  than  the  Carbon- 
iferous, it  is  thought  that  they  represent  one  period  of  mineralization. 
They  are  all  characterized  by  mineralogic  associations,  which  mean 
deposition  at  great  depth,  at  least  4,000  or  6,000  feet,  yet  they  are  cut . 
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by  the  Eocene  surface,  and  hence  can  not  be  younger,  say,  than  the 
early  part  of  that  erosion  cycle.  On  the  other  hand,  many  of  the 
veins  are  inclosed  in,  and  hence  are  younger  than,  late  Cretaceous 
granite.  This  greatly  diversified  group  of  deposits,  therefore,  is 
considered  as  of  late  Cretaceous  or  early  Eocene  age. 

The  gold  veins  (see  p.  62)  are  believed  to  be  definitely  related  to  the 
granite,  and  as  the  other  types  of  deposits  appear  to  be  merely  varia- 
tions from  them,  it  would  seem  to  follow  that  all  the  deposits  are  re- 
lated to  this  great  igneous  mass.  It  is  noteworthy  that  the  lead-silvor 
and  cobalt-nickel  deposits  differ  more  widely  from  the  gold-quarts 
veins  than  do  any  of  the  others.  With  the  former  quartz  diorite  is 
closely  associated  and  with  the  latter  diabase.  These  rocks,  both  of 
which  occur  as  dikes,  are  probably  differentiations  from  the  granite. 
On  the  other  hand,  acidic  porphyries  and  orthoclase-beanng  lampro- 
phyres  commonly  accompany  the  gold  veins. 

ABSENCE  OF  CONTACT-HETAMOBPHIO  DEPOSITS. 

The  absence  of  important  contact-metamorphic  deposits  in  Lemhi 
County  is  noteworthy.  Indeed,  the  Bruce  estate.  Spring  Mountain 
district,  is  the  only  place  where  contact  metamorphism  enters  into 
the  genesis  of  the  ore  bodies.  The  explanation  of  the  lack  of  this 
phenomenon  probably  involves  two  factors — the  absence  of  the 
more  acidic  intrusions  in  contact  with  limestone  and  a  lack  of  ten- 
dency on  the  part  of  the  intrusions  to  cause  contact  metamorphism. 
Of  these  the  former  is  thought  to  be  the  most  important,  as  lime- 
stones are  far  more  susceptible  to  such  alteration  than  are  schists  and 
quartzites.  It  would  be  expected,  however,  that  the  broad  areas  of 
schist  intruded  by  the  granite  in  the  western  part  of  the  county  would 
show  noteworthy  contact  metamorphism.  But  here  a  difficulty 
arises,  for  the  schists  have  suffered  extensive  regional  metamorphism, 
and  although  it  is  thought  that  contact  metamorphism  is  superim- 
posed upon  it  locally  the  extent  of  this  action  is  not  known.  Certain 
it  is  that  metallization  m  connection  with  such  metamorphism  as  is 
known  (except  in  the  Bruce  estate)  is  negligible;  hence  it  is  be- 
lieved that  the  magma  lacked  those  properties  which  elsewhere  in 
the  State  have  given  rise  to  ore  deposits  along  its  contact.* 

FUTURE  OF  MINING  IN  IiEMHI  COUNTY. 

The  outlook  for  a  steady  growth  in  the  mining  industry  of  Lemhi 
County  is  bright.  It  is  thought  that  most  of  the  free-milling  gold  ores 
have  been  exhausted,  but  in  a  hea^nly  wooded  and  rugged  mineral- 
bearing  country  there  is  always  the  probability  of  new  discoveries. 

>  LIndgren,  Waldemar,  Thegonesisof  ore  deposits:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  30, 1901, pp.  721-722. 
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A  large  tonnage  of  base  gold  ore  remains  and  this  will  be  worked 
eventually,  even  though  much  of  it  is  too  low  grade  to  ship  otl^r  than 
as  concentrates.  Placers  are  expected  to  become  more  productive 
in  the  future  than  they  have  been  during  the  last  few  years,  through 
the  introduction  of  dredges,  which  have  converted  ground  heretofore 
considered  valueless  for  mineral  into  an  asset. 

The  copper  deposits  of  the  area  are  not  developed  sufficiently  to 
justify  a  forecast,  but  increased  production  may  be  expected. 

The  lead-silver  reserves  have  been  largely  extended  during  the  ])ast 
two  years.  At  present  most  of  the  ore  is  coming  from  three  mines, 
but  it  is  probable  that  others  will  enter  the  list  from  time  to  time. 
This  type  of  deposit  has  little  or  no  surface  expression,  and  minerals 
of  the  gossan  are  earthy  in  appearance;  hence  new  and  important 
discoveries  may  be  expected. 

The  known  cobalt-nickel  deposits  of  the  county  are  of  uncertain 
value  under  existing  market  and  mining  conditions.  Of  the  tin  depos- 
its little  is  known.  The  outlook  for  a  moderate  production  of  tung- 
sten is  encouraging. 

Lignite  has  been  woi^ed  from  time  to  time  near  Salmon  and  Baker, 
but  it  is  highly  improbable  that  it  will  become  of  even  local  impor- 
tance. As  fuel  it  can  not  compete  with  coal  shipped  in  from  Wyo- 
ming, and  if  used  for  producer  gas  it  would  be  unable  to  compete  with 
the  abundant  water  power  available. 

MINING  DISTRICTS  OF  LEMHI  COUNTY. 

SCHEME  OF  TREATMENT. 

In  the  following  pages  each  of  the  19  mining  districts  in  Lemhi 
County  is  dealt  with  separately.  The  order  of  treatment  is  geo- 
graphic, beginning  at  Nicholia  in  the  southeast  comer  of  the  county 
and  going  north  along  portions  of  the  Lemhi  Range  and  the  Beaver 
Head  Mountains  as  far  as  Gibbonsville,  thence  west  to  Mineral  Hill, 
and  thence  south  to  Parker  Mountain,  in  the  southwestern  part  of 
the  county.  This  arrangement  groups  the  lead-silver  deposits  among 
the  districts  first  treated;  the  earlier  gold  veins  follow,  and  the  two 
districts  containing  late  Tertiary  gold  veins  come  last. 

NICHOLIA  DISTRICT. 
HISTORY   AND   PRODUCTION. 

Tlie  Nicholia  mining  district,  well  known  to  the  older  miners  of 
Idaho  through  its  principal  property,  the  Viola  mine,  is  situated  in 
the  southeast  part  of  Lemhi  County,  and  includes  a  small  area  along 
the  west  face  of  the  Beaverhead  Mountains,  The  Viola  claim,  sit- 
uated at  an  elevation  of  8,700  feet,  2  miles  east-northeast  from  Nicholia 
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post  oflSc^,  was  located  in  1880  and  is  the  oldest  property  in  the  south- 
east part  of  the  county.  Mining  was  begun  in  1882,  the  ore  being 
hauled  to  Camas,  and  thence  shipped  to  Kansas  City  and  Omaha  for 
treatment.  It  is  said  that  5,000  to  7,000  tons  of  ore,  averaging  50 
to  60  per  cent  of  lead  and  10  to  12  ounces  of  silver  to  the  ton,  were 
thus  transpK)rted.  In  the  fall  and  early  winter  of  1885  two  lead  stacks 
were  blown  in  and  thereafter  the  ore  was  treated  locally.  Smelting 
operations  continued  without  protracted  intermissions  until  early  in 
1888,  when  depletion  of  the  larger  ore  bodies  began.  About  1890 
the  entire  enterprise  was  abandoned.  The  amount  of  lead  bullion 
recovered  by  the  NichoUa  smelter  for  the  two  years  of  greatest 
activity  is  given  in  "Mineral  resources  of  the  United  States"  for  1888 
and  1887  as  11,900  tons,  worth  about  $1,000,000.  The  amount  of 
silver  accompanying  this  biilhon  is  not  recorded,  but  an  estimate  of 
300,000  ounces  is  probably  not  greatly  in  error.  With  silver  at  92 
cents,  tliis  raises  the  total  production  for  the  two  years  of  greatest 
activity  to  about  SI, 400,000.  Figures  given  in  the  Engineering  and 
Mining  Journal  (November  27,  1886)  are  the  basis  for  an  estimate  of 
S500,000  total  production  prior  to  the  construction  of  the  smelter. 
Allowing  an  equal  amount  for  the  waning  period  of  activity,  it  seems 
that  an  estimate  of  S2, 500,000  for  the  total  production  of  the  Nicholia 
district  is  not  far  from  correct. 

Prospecting  has  been  pursued  continuously  in  the  vicinity  of  the 
Viola  mine,  but  so  far  no  important  discoveries  have  been  made. 
In  1905  the  old  workings  were  opened  and  an  extensive  search  made 
for  the  continuation  of  the  ore  bodies  but  without  success. 

GEOU)GY   AND   ORE    DEPOSITS. 

The  country  rock  is  blue  and  gray  Umestone,  overlying  massive 
fine-grained  quartzite.  Tlie  main  tunnel  crosses  a  north-south  anti- 
cline recorded  by  dips  of  40°  W.,  gradually  changing  to  flat  lying, 
and  tlien  to  dips  of  60°  E.  No  igneous  rocks  were  seen  during  the 
hasty  visit  to  the  property,  but  granite  is  said  to  he  about  4  miles 
north. 

Tlie  ore  occuiTcd  as  three  large  bodies  connected  by  stringers. 
Altliougli  irregular  in  thickness  they  were  remarkably  continuous  for 
several  hundred  feet  along  the  strike  of  the  vein.  Along  its  dip  the 
vein  was  n(»arlv  horizontal  for  400  feet,  then  within  a  short  distance 
it  assumed  a  dip  of  45°  and  held  it  for  70  feet;  it  then  became  nearly 
horizontal  again,  and  terminated  in  a  zone  of  broken  ground. 

The  ore  was  lead  carbonate  w4th  mucli  iron  and  manganese  oxide 
intermixed  and  ran  from  35  to  60  per  cent  of  lead  and  4  to  14  ounces 
of  silver  per  ton. 
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SPBINO  MOT7NTAIN  MININO  DISTBICT. 
SITUATION   AND  ACCESS. 

The  Spring  Mountain  mining  district  is  situated  in  the  southeastern 
part  of  Lemhi  County,  on  the  east  slope  of  the  Lemlii  Range  near  its 
summit.  Halm,  a  settlement  of  perhaps  100  individuals,  is  the  di;^- 
tributing  center  for  the  district.  It  is  reached  by  wagon  road  from 
Gilmore,  8  miles  to  the  north.  Prior  to  the  completion  of  the  Gilmore 
&  Pittsburgh  Railroad,  wliich  was  extended  to  Gilmore  in  1910,  tlie 
most  accessible  railroad  point  was  Dubois,  75  miles  to  tlie  southeast. 

HISTORY  AND   PRODUCTION. 

Many  of  the  claims  in  tlie  district  were  located  in  the  early  eiglities, 
when  profitable  operation  at  the  old  Viola  mine  across  the  valley 
inspired  prospectors  to  reach  out  into  the  surrounding  country.  For 
a  few  years  a  little  ore  was  sent  to  the  Nicholia  smelter.  In  the  spring 
of  1009  a  smelter  of  50  tons  capacity  was  built  at  Halin,  and  made  a 
17-day  run  that  summer.  It  was  refired  in  August,  1910,  and  ran 
for  21  days.  The  failure  of  the  enterprise  seems  to  have  been  due 
to  a  lack  of  funds  sufficient  to  carry  on  exploration  on  bonded  prop- 
erties, or  to  buy  ore  from  other  sources.  Although  these  futile 
efforts  have  given  the  district  a  setback,  yet  mineralization  is  widely 
distributed  in  the  area,  affording  abundant  justification  for  intelU- 
gent  and  legitimate  prospecting. 

The  production  of  the  district  is  not  known,  but  an  estimate  of 
$50,000  can  hardly  be  much  in  error. 

PHYSIOGRAPnY. 

The  Spring  Mountam  district  includes  the  summit  and  eastern 
slope  of  Lemhi  Range  from  Long  Canyon  south  for  al)()ut  G  miles. 
Several  deep,  narrow  gulches  extend  toward  the  summit,  terminating 
in  deep  cirques  whose  western  rims  form  the  crest  line  of  the  range. 
Conspicuous  among  these  are  Dry  Gulch  in  the  northern  part  of  the 
district,  and  Spring  Mountain  Canyon  in  the  southern  part,  most  of 
the  mines  being  located  about  the  head  of  the  latter. 

Surface  waters  are  notably  lacking  in  the  area,  the  streams  forming 
Lemhi  River  heading  about  10  miles  to  the  north,  and  Birch  Creek 
resulting  from  springs  about  an  equal  distance  to  the  southeast. 
Within  the  area  melting  snow  furnkhes  considerable  water,  which 
quickly  sinks  beneath  the  surface.  In  places  it  reappears  as  springs 
on  the  upper  sides  of  the  unfractured  quartz  diorite  dikes,  flows  across 
them  as  small  streams,  and  disappears  in  the  greatly  jointed  limestone 
on  the  lower  side.  It  is  these  springs  far  up  the  mountain  face  which 
gave  the  district  its  name. 
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Summit  areas  within  tho  iILstrict  present  a  general  accordance  in 
elevation,  and  many  of  them  are  comparatively  iQat-topped.  This 
is  the  more  remarkable,  as  the  rocks  composing  the  range  are  steeply 
folded  and  present  unequal  resistance  to  erosion.  These  areas  are 
imporfoet  remnants  of  the  broad  plateau  which  resulted  from  the 
elevation  of  the  Eocene  peneplain  described  elsewhere  in  this  report. 

GEOLOGY. 

The  country  rock  of  the  Spring  Mountain  district  comprises  a  great 
series  of  late  Paleozoic  sediments  which  strike  N.  10^-20®  E.  and  in 
general  dip  40®  SE.  They  prCvsent  a  considerable  thickness,  at  least 
1,200  feet  being  exposed  in  uninterrupted  order  in  the  steep  eastern 
face  of  the  south  cirque  at  tho  head  of  Spring  Mountain  Gulch.  This 
exposure,  as  seen  from  the  opposite  rim,  appears  to  be  limestone 
throughout  and  is  composed  of  l)eds  from  8  inches  to  6  feet  thick, 
principally  white  and  gray,  but  with  many  bluish  layers  variously 
distributed.  A  small  portion  of  the  section  along  the  road  from  Hahn 
to  the  summit,  at  an  elevation  of  7,000  feet,  follows.  Here  the  beds 
strike  N.  20®  E.  and  dij)  S5®  XW. 

Part  o/uction  of  Devonian  beds^  Spring  Mountain  district. 

Feet. 

Fine-grained  blue  siliceous  limestone 10 

Fine-grained  white  crystalline  limestone 20 

Alternating  blue  and  white  bands  grading  into  blue  limestone 16 

Light-gray  fine-grained  limestone  with  a  few  cherty  partings 45 

Bluish-gray  limestone 25 

WTiite  limestone  (base) 20 

Fossils  were  not  fouiul  in  the  south  part  of  the  district,  but  the 
search  for  them  was  not  exhaustive.  On  the  lower  slopes  of  the 
range,  near  the  north  boundary,  a  suite  of  material  was  gathered, 
regarding  which  Air.  Girty  says  in  part:  '*I  believe,  therefore,  that 
lot  3  is  of  upper  Mississippian  age,  but  owing  to  the  difficulty  of  the 
material  there  is  in  this  a  chance  for  error/'  The  ore  deposits  at 
Spring  Mountain,  however,  lie  west  of  these  beds  and  on  lithologic 
grounds  are  thought  to  be  principally  in  the  Devonian  part  of  the 
section,  as  outlined  in  the  chapter  on  general  geology. 

Three  or  four  quartz  diorite  dikes,  one  having  a  width  of  1,500  or 
2,000  feet  but  the  others  of  50  feet  or  less,  follow  the  general  strike 
of  the  formations.  These  dikes  usually  present  no  special  topographic 
expression,  but  can  l)e  followed  from  a  distance  by  their  grayish- 
brown  soil,  which  stands  out  in  contrast  to  the  light-gray  mantle 
resulting  from  the  inclosing  limestone.  Contact  metamorphism  was 
noted  only  along  the  large  dike,  the  minerals  developed  being  cal- 
cite,  coarse  flecks  of  muscovite,  biotite,  magnetite,  vesuvianite,  abun- 
dant forsterite,  and  a  little  garnet,  the  last  two  being  of  microscopic 
size. 
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The  dikes  are  obviously  younger  than  the,  sediments  whioh  they 

cut  and  older  than  the  present  topography,  the  higher  reaches  of 

whioh  they  traverse.     They  are  of  late  Cretaceous  or  early  Eocene 

age  (p.  46). 

ORE  DEPOsrrs. 

Prospecting  sufficiently  fruitful  to  offer  reasonable  encouragement 
to  further  effort  has  been  carried  on  along  a  belt  about  half  a  mile 
wide  which  starts  near  the  summit  west  of  Hahn  and  continues 
northward  to  the  end  of  the  district,  gradually  dropping  down  the 
eastern  slope  to  a  point  about  halfway  between  the  summit  and  the 
valley  at  the  northern  boundary.  All  the  deposits  are  contained 
in  limestone,  although  numerous  quartz  diorite  dikes  follow  the  ore 
zone. 

The  ores  mined  are  principally  lead-silver,  though  a  low-grade 
copper  deposit  is  being  prospected  on  the  Bruce  estate.  All  the 
deposits,  save  perhaps  those  of  copper,  are  replacements,  in  type  very 
similar  to  those  at  Gilmore  (p.  94).  The  copper  deposits  were  not 
seen,  but  from  the  great  amount  of  magnetite  in  specimens  of  the  ore, 
and  their  stated  occurrence  along  the  contact  of  a  large  "syenite'' 
(probably  quartz  diorite)  dike,  they  are  thought  to  have  resulted 
from  contact  metamorphism. 

Groimd-water  level  is  always  important,  both  because  of  increased 
difficulties  in  mining  and  because  of  the  changes  m  the  tenor  and 
mineralogy  of  the  ore  which  usually  accompany  it.  At  present 
most  of  the  development  in  the  Spring  Mountain  district  is  above 
groimd-water  level,  but  its  distance  above  varies  greatly  from  place 
to  place  because  of  unfractured  dikes  which  cut  the  intricately  jointed 
limestone  series  and  serve  as  submerged  dams,  causing  the  ground 
water  to  rise  to  their  upper  edge  before  escaping.  In  general,  on 
the  upper  side  of  any  dike  the  water  table  will  be  found  at  about  the 
elevation  of  the  dike  in  the  bottom  of  the  adjacent  canyon.  On  the 
lower  side  the  elevation  will  be  determined  by  the  next  dike  down 
the  mountain  side,  and  so  on  to  the  most  eastern  dike,  beyond  which 
the  springs  at  the  head  of  Birch  Creek  will  probably  be  the  con- 
trolling factor,  allowing,  however,  a  reasonable  gradient  for  the 
water  table. 

The  ore  so  far  mined  in  the  district  has  been  principal^  oxidized 
material,  although  the  Lemhi  Union  and  possibly  one  or  two  other 
properties  have  furnished  some  sulphides.  The  general  tenor  and 
make-up  of  the  ore  from  the  district  can  be  readily  seen  from  the 
table  of  smelter  analyses  given  on  page  65. 

As  the  veins  are  inclosed  in  highly  folded  Devonian  (?)  and  Car- 
boniferous strata  and  are  truncated  by  an  Eocene  erosion  surface, 
it  follows  that  they  are  post-Devonian  (?)  and  pre-Eocene  in  age. 
The  age  can  not  be  determined  from  local  evidence,  although  general 
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consideratiojis  (p.  68)  lead  to  the  coiiclusioii  that  they  are  late  Creta- 
ceous or  early  Koceno. 

The  deposits  are  clearl}'  tabular  iii  outline  and  correspond  to  the 
major  fractures  in  the  limestone.  In  places  the  ore  expands  along 
bedding  planes  or  cross  fractures  and  in  other  places  bunches  are 
isolated  in  the  wall  roc»k.  The  broader  features  thus  indicate  replace- 
ment activity,  the  solutions  being  guided  in  their  movements  by 
strong  north-south  fractures,  perhaps  fissures.  No  relation  was 
noted  between  the  lead-silver  veins,  and  the  quartz  diorite  dikes 
save  their  general  paralleUsm.  The  mineralogy  and  reported  rela- 
tions of  the  copper  deposit  on  the  Bruce  estate  suggest  that  it  is  a 
contact  phenomenon  caused  by  the  quartz  diorite. 

MINES   AND   PROSPECTS. 

In  the  following  descriptions  only  the  properties  visited  will  be 
mentioned.  The  list  is  bj-  no  means  complete,  but  it  serves  to  give 
concreteness  to  the  general  discussion. 

LEMHI  xnnoir  mike. 

The  Tjemlii  Union  mine,  situated  at  an  elevation  of  9,000  feet 
near  tlie  head  of  Dry  Gulch,  in  tlie  northern  part  of  the  district,  is 
one  of  the  principal  pn)perties.  The  vein,  which  is  inclosed  in  Mue 
hmestone,  strikes  N.  20°  E.  and  dips  80°  NW.  As  is  common  in 
tliis  general  area  the  limestone  corresponds  in  strike  with  the  vein 
and  dips  40°-50°  SE.  Quartz  diorite  dikes  cross  the  gulch  both 
above  and  below  the  mine.  The  deposits  were  not  seen  below  the 
surface,  for  at  the  time  of  the  investigation  the  shaft  was  almost 
closed  by  ice  resulting  from  surface  waters  trickhng  down  the  walls 
and  freezing.  Analyses  of  two  lots  of  ore  handled  by  the  Hahn 
smelter  show  lead-silver  ore  ahnost  identical  with  the  Gilmore  ore 
deposits  (p.  65).  One  of  these  lots,  amounting  to  57  tons,  ran  39 
per  cent  lead,  12  ounces  silver,  16  per  cent  iix>n,  10  per  cent  silica, 
and  4.3  per  cent  calcium  oxide. 

COLORADO  0B017P. 

About  half  a  mile  east  of  the  Lemhi  Union  mine  is  the  Colorado 
group,  where  some  ore  lius  been  found.  Tlie  property  is  of  special 
interest,  however,  because  it  shows  better  than  any  other  visiteil 
the  influence  of  the  quartz  diorite  on  the  adjacent  hmestone.  A 
tunnel  crosses  the  margin  of  the  dike  at  a  small  angle,  giving  an 
excellent  exposure  for  about  35  feet  along  the  contact.  The  metamor- 
phism  consists  in  the  development  of  calcite,  coarse  flecks  of  musco- 
vite,  and  some  biotite,  all  readily  recognized  megascopically.  In 
addition,  pepper-like  specks  are  scattered  through  much  of  the  rock. 
When  microscopically  examined  thest*  prove  to  be  forsterite,  one  of 
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the  olivines,  and  some  garnet  cr>'stals.  The  quartz  dioritc  dike  caus- 
ing the  metamorpliism  is  said  to  be  from  1,000  to  2,000  feet  wide. 

Ore  minerals  have  not  been  foimd  in  the  timnel  just  referred  to, 
but  on  the  hill  above  a  vein  striking  north  and  south  and  dipping 
45°  W.  furnishes  argentiferous  galena,  manganese  oxide,  pyrite,  and 
chalcopyrite  as  primary  constituents  in  a  siliceous  gangue.  Oxida- 
tion is  fairly  extensive. 

No  genetic  relation  was  observed  between  the  contact  silicates 
first  mentioned  and  tlie  metallic  minerals  just  enumerated. 

BRUCE  ESTATE. 

A  group  of  claims  kno\\Ti  as  the  Bruce  estate  extends  along  the 
mountain  slope  near  its  summit  for  2  miles  south  from  Dry  Gulch. 
The  property  was  not  visited.  Lead-silver  ore  is  reported  from 
several  claims,  but  the  most  interesting  feature  is  a  big  low-grade 
copper  deposit  foiuid  in  association  with  large  quantities  of  magnetite. 
The  deposit  occui-s  on  the  side  of  a  big  dike  which  is  called  ** syenite" 
by  the  miners,  but  which  is  probably  quartz  diorite,  as  an  abundance 
of  the  latter  and  none  of  the  former  was  noted  in  the  bowlders  of 
the  gulches  below. 

ELIZABETH  AHD  TEDDY  lOHSS. 

These  properties,  which  are  about  1,000  feet  apart,  are  situated 
on  the  slope  of  Lemhi  Moimtain  toward  Little  Lost  River  at  an  ele- 
vation of  9,700  feet  above  sea  level.  Each  mine  has  a  few  hundred 
feet  of  development.  The  ore  is  hauled  half  a  mile  to  the  rim  of  a 
cirque,  2^  miles  west  of  Hahn,  where  it  is  trammed  to  the  bottom, 
and  thence  hauled  to  the  smelter.  The  veins  have  a  general  north- 
south  strike  and  are  inclosed  in  flat-lying  limestone  and  subordinately 
in  quartzite.  Together,  the  properties  furnished  the  Hahn  smelter 
with  400  tons  of  ore  averaging  about  20  per  cent  lead,  11  ounces 
silver,  10  per  cent  iron,  21  per  cent  silica,  and  10  per  cent  calcium 
oxide. 

OTHER  PBOPEBTIES. 

The  Red  Warrior,  Iron  Mask,  Galena,  and  Excelsior  are  important 
among  the  properties  whi(»h  were  not  visited.  All  are  held  for  lead- 
silver. 

TEXAS  DISTRICT. 
SITUATION. 

The  Texas  mining  district  comprises  an  irregular  area  of  about 
one  township  in  the  southeast  part  of  the  county  near  the  head  of 
Lemhi  Valley.  It  lies  immediately  north  of  the  Spring  Mountain 
district.  Long  Canyon  being  generally  taken  as  the  dividing  line.  To 
the  north  and  west  not  even  approximate  boundaries  are  recognized. 
The  junction  district  lies  about  18  miles  to  the  north,  and  the  Blue 
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Wing  <lbiTrifT  w^ll  bt?jon«i  rh**  -umniir  i.»f  the  mnuntaiiis  to  the  west. 
On  tho  eanf  the  wiilti  valley  ■•f  I^nihi  River,  deeply  filled  with  Miocene 
lake  f>efl?i.  f»irnb^  at  pr^j^nt  a  narural  bt;un<lary. 

Gilmore  CPl.  XFV'  .  a  mining?  ramp  ^f  p«w6ibly  5«30  inhabitants,  is 
the  l«»ral  fKir^t  office  and  -upply  pt)int  for  the  district.  It  k  reached 
hy  the  firilmore  i  Pittsburgh  Railn>a4l.  which  c«)nnects  via  Junction 
anrl  Bann^if'k  Pa.-.-^  with  the  Ores"  ^n  Shi>rt  Line  at  Annstead,  Mont. 

TTie  dt^trirt  U  primarily  important  fi>r  itd  lead-silver  ores,  although 
one  gold  vein  ''.Vllie'  and  one  silver  vein  ^Silver  Moon)  are  recogniz^. 

HI^TiiRV    A\L»    PRODUCTION". 

Inspired  by  the  erejir  }>o.lif>  i.f  k*;id— iiver  ore  at  the  Mola  mine, 
.nifuured  iicrtr^r^  the  Lemhi  Valley.  pre:»spe«?tors  located  manv  claims 
in  the  :.urroijndin«r  ^"untry  in  the  early  eighties.  The  most  prom- 
ising among  the^e  daims  «»^:cupied  a  belt  about  12  miles  in  extent 
along  tlie  ea^t  fare  of  the  Lemhi  Range,  a  little  north  of  west  from 
the  \'iola  de[K/sits.  The  Texas  dt-trict  comprises  the  northern 
portion  of  the  mineral  belt  thii-j  early  dUc«»vere<l  and  lai^ely  staked 
out.  In  it  prf-»>pef-ting  rontinued.  ami  mining  was  carried  on  in  a 
desultory  way  for  a  number  of  years,  some  ore  being  hauled  to  the 
Xichfdia  (Violaj  smelter;  but  nvith  the  abandonment  of  that  property 
aUiut  189();  whatever  enthusiasm  may  have  prompted  work  in  the 
Texas  (ILstrict  died  out  and  for  10  or  12  years  there  was  little  progress. 

In  lfK)2  a  group  of  claims,  the  chief  of  which  now  constitute  the 
Pittsburgh- Idaho  property,  were  purchased  by  F.  G.  Laver,  of 
I>uboLs,  Pa.,  for  himself  and  associates.  Early  development  revealed, 
at  a  depth  of  alxiut  200  feet,  ore  bodies  which  greatly  exceeded  the 
anticipaticm  of  the  owners.  In  a  short  time  considerable  ore  was 
blocked  out  and  the  method  of  treatment  became  a  problem  of  prime 
iiii|»ortiui('e.  The  old  Xicholia  smelter,  which  had  afForde<l  ready 
nuirket  in  the  early  days  of  the  district,  had  long  since  been  disman- 
tled, and  shi[)|)ing  to  the  large  reduction  works  in  L'tah  or  Montana 
necf'ssitiited  a  haul  of  So  miles  by  wagon  in  addition  to  the  railway 
chargi^.  The  alternatives  were  to  erect  a  local  plant  or  await  rail- 
way transportation.  The  wagon  haul  to  Dubois,  Idaho,  was  adopteil 
and  continued,  during  the  open  season,  for  four  years.  The  roads 
W(»re  so  destructive  of  wagons,  however,  that  it  became  almost  impos- 
sihh*  t(»  keep  th(M!i  in  repair,  and  in  the  fall  of  1900  a  tractitm  engine 
with  a  train  of  four  steed  wagons,  each  of  15  tons  capacity,  was  put  on 
the  n»ad.  The  cars  wi^ro.  not  equal  to  the  continued  strain  even 
tlmugh  the  route  was  almost  ideal  for  such  transportation,  and  after 
a  do/en  trips  this  method  of  haulage  was  abandone<l. 

Kroni  the  fall  of  MM)?  until  the  spring  of  1910  the  Pittsburgh-Idaho 

mine  was  idle,  awaiting  the  c(>m|>letion  of  the  railroad  which  was 

Jieing  built  from  Armstead,  a  station  on  the  Montana  branch  of  the 
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Oregon  Short  Line,  90  mileH  south  of  Butte.  During  this  period  the 
Latest  Out  mine  became  active,  the  ore  being  hauled  to  Dubois.  In 
the  spring  of  1909  several  of  the  smaller  properties  supplied  small 
amounts  of  ore  to  a  new  smelter  which  was  opened  at  Hahn,  in  the 
Spring  Moimtain  district. 

With  the  extension  of  the  railroad  to  a  point  within  9  miles  of 
Gihnore  by  June,  1910,  the  camp  took  on  new  life  and  ha^  been 
increasingly  active  ever  since.  In  1910  the  railroad  was  within  H 
miles  of  the  producing  mines  of  the  district. 

The  total  production  of  the  Texas  district  probably  falls  between 
$2,000,000  and  $2,500,000.  Somewhat  more  than  700  tons  of  lead 
bullion  and  over  100,000  ounces  of  silver  are  said  to  have  been 
derived  from  ores  treated  by  the  old  Nicholia  smelter  between  1885 
and  1888.  From  1902  until  1 908  about  6,270  tons  of  lead  bullion  and 
325,000  ounces  of  silver  were  extracted  from  ores  hauled  85  miles  to 
Dubois,  and  thence  shipped  to  the  smelters  in  Utah.  Between  June 
and  October,  1910,  about  1,600  tons  of  lead  and  72,000  ounces  of 
silver  were  produced  from  Texas  district  ores,  and  for  the  fiscal  year 
from  September  1,  1910,  to  August  3,  1911,  7,750  tons  of  lead  and 
351,500  ounces  of  silver  were  produced.* 

Prior  to  1910  the  district  produced  almost  no  gold,  but  during  the 
spring  of  that  year  a  promising  gold-bearing  lode  was  discovered  on 
the  Martha  claim  of  the  Allie  group. 

PHYSIOGRAPHY. 

Elevations  in  the  district  range  from  about  7,000  feet  in  the  eastern 
part  to  more  than  10,500  feet  in  the  mountain  areas  along  the  western 
border.  The  local  topographic  features  are  due  to  numerous  deep 
canyons,  which  extend  back  well  toward  the  crest  line  of  an  other- 
wise even  mountain  slope,  which  rises  abruptly  to  a  height  of  almost 
4,000  feet  above  the  western  margin  of  the  broad  valley  of  liCmhi 
River. 

These  mountain  valleys  are  invariably  U-shaped  and  near  their 
junction  with  the  lowland  present  the  irregular  topography  charac- 
teristic of  terminal  moraines;  their  headward  terminations  have 
striking  ampliitheater-like  forms,  in  the  basins  of  which  little  lakes 
are  not  uncommon. 

There  are  no  important  streams  in  the  district.  Those  which  rise  in 
the  mountains  flow  for  short  distances  only,  the  waters  sinking  before 
the  mouths  of  the  canyons  are  reached.  In  the  lowland  northeast  of 
Gilmore  numerous  springs  occur  at  elevations  of  about  6,800  feet ;  these 

I  The  figures  for  the  period  prior  to  Sept.  1, 1910,  are  largely  derived  from  the  known  tonnage,  esti- 
mating lead  at  35  per  cent  and  silver  at  16  ounces  per  ton  of  ore.  The  sOver  is  not  far  from  correct,  although 
it  is  quite  possible  that  the  eariy  shipments  averaged  higher  than  35  per  cent  lead.  The  8,000  tons  of  60  per 
omt  oonoentrates  from  the  Pittsburgh-Idaho  mill  and  the  eariy  prodortton  of  rich  silver  ore  tram  the  Silver 
Mood  property  were  considered  individually. 
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give  ri8e  to  Texas  Creek,  an  important  member  of  the  group  of  streams 
which  by  their  union  constitute  Lemhi  River.  The  water  supply  for 
Gihnore  is  derived  from  a  lake  at  the  head  of  Meadow  Lake  Grulch, 
whence  it  is  conveyed  to  the  mines  and  settlement  some  3  miles  dis- 
tant. Although  abundant  water  is  thus  supplied  for  domestic  pur- 
poses, a  sufficient  supply  for  concentration  on  a  large  scale  can  be 
stM'ured  only  by  heavy  outlay.  Consi(leral)le  wat«r  power  can  be 
developed  within  20  miles  to  the  north. 

GEOLOGY. 
BSDimNTARY  BOCKS. 

A  great  succession  of  sedimentary  rocks,  striking  north  and  south 
and  for  the  most  part  dipping  about  45®  E.,  occupies  most  of  the  dis- 
trict. Cambrian,  Ordovician,  Silurian  (?),  Devonian  (?),  and 
MisHissippian  formations  are  present.  The  basal  series  is  made  up 
of  clear-white,  fine-grained  quartzite  and  is  at  least  2,000  feet  thick. 
Tt  is  well  exposed  above  Meadow  Lake.  Conformably  above  it  is  a 
series  of  massive  blue  dolomitic  limestones  about  500  feet  thick,  which 
is  assigned  to  the  Ordovician.  Then  follows  300  feet  of  massive 
white  dolomitic  limestone  of  Silurian  ( ?)  age.  The  strata  next  above 
(comprise  about  2,000  feet  of  thin-bedded  blue  and  whit«  dolomitic 
limestones,  with  here  and  there  a  siliceous  band.  This  series  is  ten- 
tatively considered  Devonian.  Its  upper  contact  was  not  seen, 
although  it  is  presumably  conformable  with  the  Mississippian.  The 
latter  formation  is  ex])osed  along  the  lower  slopes  of  the  range  south  of 
Tx)ng  Canyon. 

Above  the  Paleozoic  rocks  along  the  oast  side  of  the  district, 
and  separated  from  them  by  a  marked  angular  unconformity,  is  a 
series  of  Miocene  lake  beds,  the  thickness  of  which  is  not  known, 
although  more  than  200  feet  appears  in  some  exposures.  If  the 
general  historj'  of  these  beds,  as  given  on  pages  35-40,  is  correct,  it  is 
altogether  probable  that  along  the  eastern  edge  of  the  Texas  district 
they  are  more  than  2,()()()  feet  thick.  As  seen  in  the  railroad  cuts 
they  present  chalk-white  slopes  cut  by  regularly  bedded  layei*s  of 
light  bluish-gray  fine  volcanic  ash,  in  j)laces  almost  pumiceous  enough 
to  float  on  water.  The  bedding  is  shown  by  slight  variations  in 
color,  the  individual  bands  ranging  from  half  an  inch  to  4  inches  in 
thickness.  In  some  places  thin  layers  of  limestone,  slate,  and  quartz- 
ite pebbles  are  interbedded  with  the  tuff,  and  in  othei-s  pebbles  and 
sand  are  intermixed  with  it. 

The  lake  beds  are  traversed  by  minor  faults,  usually  trending  east 
and  west.  Dips  above  25°  were  not  noted,  this  maximum  being 
recorded  just  north  of  the  low  divide  which  extends  across  the  valley. 
South  of  the  same  divide  the  beds  dip  15°  S.,  thus  presenting  an  east- 
"^t  anticline,  the  axis  of  which  lies  about  in  line  with  the  south 
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branch  of  Long  Canyon.  Indeed,  as  seen  from  the  valley,  the  lime- 
stones traversed  by  Long  Canyon  present  a  similar  anticlinal  struc- 
tm*e.  Here,  however,  the  anticline  crosses  at  right  angles  a  series 
with  an  otherwise  steep  eastward  dip,  the  resulting  attitude  being  a 
dip  to  the  northeast  on  the  north  side  of  the  canyon  and  to  the  south- 
east on  the  south  side. 

Not  much  is  known  of  faulting  within  the  area  because  the  different 
formations  were  but  imperfectly  recognized  outside  the  type  locality. 
West  of  Gilmore  the  structural  relations  are  simple,  but  east  of  it  the 
rock  exposures  suggest  duplication  of  formations.  Over  most  of  the 
district,  however,  the  beds  dip  from  40°  to  50°  E.,  thus  suggesting  the 
absence  of  much  faulting.  On  the  other  hand,  displacements  were 
recognized  in  some  of  the  underground  studies.  On  the  Martha  claim 
a  fault  extending  N.  10°  E.  presents  a  downthrow  of  possibly  225 
feet  on  the  west.  A  displacement,  possibly  the  northward  extension 
of  the  one  just  mentioned,  was  noted  in  the  Little  Gilmore  Tunnel. 
It  strikes  N.  10°  E.  and  records  a  downthrow  of  55  feet  on  the  west. 
In  both  places  the  fault  plane  dips  approximately  45°  W. 

Crossing  the  north-south  structiu'e  is  a  series  of  east-west  vertical 
fissures,  which,  beneath  the  surface,  commonly  stand  as  open  channels 
from  1  inch  to  5  feet  wide.  In  many  places  they  are  lined'by  beautiful 
aragonite  crystals,  and  in  others  are  loosely  filled  with  debris  from 
the  sides.  There  seems  to  have  been  little  displacement  along  them, 
and  this,  together  with  their  obviously  recent  formation,  suggests 
that  they  are  incident  to  the  low  east-west  anticline  clearly  recorded 
in  the  lake  beds  to  the  east.  Parallel  to  these  are  older  fissures,  some 
of  which  are  mineraUzed  near  their  intersection  with  the  north-south 
veins.  Jointing  is  conspicuous  tliroughout  both  the  quartzite  and 
limestone  portions  of  the  series. 

IGKEOUS  BOCKS. 

Igneous  rocks  are  not  abundant  in  the  Texas  district,  a  few  quartz 
diorite  porphyry  dikes  being  the  only  representatives.  These  are 
poorly  exposed,  so  that  rare  outcrops  and  prospect  openings  are  the 
only  means  of  determining  their  distribution  and  extent.  At  least 
two  dikes  striking  N.  10°  to  15°  E.  are  present,  the  east  one  extending 
through  the  Glen  and  Neverswcat  claims,  above  Gilmore.  Rumiing 
west  of  north  are  similar  dikes,  possibly  spurs  from  the  others. 

In  general  appearance  the  dike  material  is  a  dark-gray  dense 
porphyritic  rock  with  many  medium-sized  dull  feldspar  phenocrysts. 
On  microscopic  examination  both  quartz  and  biotite  are  seen  to  be 
present  in  important  amounts.  The  groundmass  is  microcrystalline 
and  all  parts  have  a  higher  index  than  Canada  balsam.  In  many  of 
the  feldspars  and  in  much  of  the  groundmass  calcite  and  sericite  are 
conspicuous.  The  rock  may  best  be  designated  quartz  diorite 
porphyry. 
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Tho  (likes  were  intruded  in  part  at  least  after  mineralization,  as 
shown  by  an  ex|)06ure  in  the  upper  workings  of  the  Latest  Out  mine, 
where  one  of  them  cuts  across  the  ore.  That  they  are  older  than 
the  present  topograpliic  features,  on  tho  other  hand,  is  dear  from 
an  exposure  at  the  head  of  Meadow  Lake,  where  one  of  them  is 
exposed  in  the  cirque  rim  at  an  elevation  of  10,500  feet.  As  the 
larger  topograpliic  features  are  ])ost-Eocene,  and  the  ore  deposits 
are  lat«  Cretaceous  or  early  Eocene,  the  dikes  were  intruded  at  about 
the  b^inning  of  the  Tertiar}^ 

ORE    DEPOSITS. 
DISTRIBUTION. 

The  known  deposits  of  the  Texas  district  occur  in  a  comparatively 
narrow  north-south  belt  bounded  on  the  east  by  the  Miocene  lake 
beds  of  tho  I^mlii  Valley  and  on  the  west  by  the  quartzite  that  foims 
the  crest  of  the  range  and  thence  dips  eastward,  disappearing  beneath 
the  limestones  which  inclose  the  veins. 

The  mineral  locations  are  mainly  along  the  walls  of  valleys 
which  cut  back  into  the  otherwise  regular  mountain  face,  thus 
exposing  the  lodes.  The  mines  at  Gilmore  are  situated  in  such  a 
valley.  The  Pittsburgh-Idaho  mine  appears  in  the  south  side  of 
this  depression  near  its  head,  and  the  Latest  Out  vein  crosses  its 
steep  upper  end.  Several  claims,  not  now  operated  but  showing 
strong  mineralization  in  places,  arc  situated  in  Silver  Moon  and 
liberty  gulches  south  of  Gilmore,  and  in  Texas  and  Ulich  gulches  to 
the  north.     (See  PL  XV.) 

BELATION  TO  8TRUCTX7BE. 

In  general  the  lodes  strike  a  few  degrees  east  of  north  and  dip  west 
at  angles  varying  widely  but  usually  of  more  than  45®.  Thus  the 
course  of  the  veins  is  parallel  to  the  strike  of  the  formations  although 
their  dip  is  generally  opposite  and  steeper.  This  relation  suggests 
that  the  fissures  which  the  ores  follow  were  fonned  when  the  rocks 
were  folded  into  their  present  attitude,  for  it  is  apparent  that  fis- 
sures A\ith  dip  toward  the  cx)re  of  an  uplift  woidd  residt  from  the 
upbending  of  a  great  series  of  rocks  witli  resistant  quartzite  at  the 
base  and  inelastic  limestone  above. 

Intersecting  the  veins  at  right  angles  are  fissures,  some  of  which 
are  open  and  immineralized ;  others,  thougli  seldom  mineralized  far 
from  the  north-south  fissures  whiob  seem  to  have  carried  the  solu* 
tions,  bear  a  definite  relation  to  tlio  ore  slioots.  An  apparent  excep- 
tion was  noted  on  the  Dorotby  chiim,  where  an  east^west  fissure, 
well  removed  from  any  known  north-south  ore-bearing  vein,  is 
locally  mineraUzed.  As  some  of  the  east- west  fissures  are  barren 
and  others  carry  ore,  it  is  thought  that  the  east-west  breaks  oocurred 
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at  two  distinct  periods.  In  a  few  places  where  the  open  or  younger 
channels  cross  soft  north-south  mineral  veins,  loose  ore  has  worked 
out  along  the  former  for  several  feet;  this,  however,  is  the  result  of 
purely  mechanical  processes.  An  illustration  of  such  condition  is 
seen  at  the  intersection  of  the  AUie  crosscut  with  the  Martha  vein. 

Although  the  deposits  are  but  rarely  offset  by  faults  (all  small), 
slickensides  and  crushing  within  the  ore  are  common,  implying  that 
movement  since  the  ore  deposition  has  largely  followed  the  origi- 
nal lines  of  weakness.  The  faults  which  cut  the  vehis  follow  the  beds 
in  such  a  way  as  to  indicate  a  settling  toward  the  Ijemhi  Valley  of 
successively  overlying  strata.  The  largest  offset  of  this  kind  is  in  the 
west  vein  on  the  400-foot  level  of  the  Pittsburgh-Idaho  mine,  where 
a  displacement  of  10  feet  is  recorded. 

The  ore  deposits,  although  in  some  places  extending  out  along 
bedding  planes  and  in  others  abruptly  evading  some  rock  not  as 
susceptible  to  dissolution  as  its  neighbor,  are  on  the  whole  to  be  con- 
sidered as  tabular  bodies  and  classed  as  veins.  Figure  10  (p.  101) 
illustrates  the  veinlike  character  shown  in  the  Pittsbui^h-Idaho 
mine,  and  figure  15  (p.  106)  illustrates  replacement  conditions  in  the 
Latest  Out  deposit.  In  the  Jumbo  mine  the  ore  is  clearly  of  replace- 
ment origin,  narrow  vertical  stringers  serving  apparently  as  feeders 
to  larger  masses  which  extend  out  along  the  bedding  (fig.  16, 
p.  109).  The  Latest  Out  ore  body  is  decidedly  tabular  in  outline, 
but  isolated  bunches  of  ore  within  the  walls  adjacent  to  the  vein  are 
common.  Figure  14  (p.  105)  illustrates  a  condition  which  is  prob- 
ably a  combination  of  replacement  and  fissure  filling. 

ORIS. 

The  deposits  are  predominantly  lead-silver,  only  two  exceptions 
being  known.  One  of  these  is  the  ore  shoot  in  the  Martha  vein,  which 
carries  no  lead,  but  averages  about  $12  a  ton  in  gold;  the  other  is  the 
Silver  Moon  vein,  which  has  produced  silver  almost  exclusively. 
Copper  rarely  exceeds  a  fraction  of  1  per  cent.  Zinc  is  present  in 
nearly  aU  the  deposits,  but  has  not  been  found  to  exceed  9  per  cent  in 
broad  averages. 

The  structure  of  the  ore  is  greatly  obscured  by  the  extensive  oxi- 
dation which  prevails  throughout  the  present  workings.  As  exposed 
the  ore  is  a  mass  of  earthy  carbonate  heavily  stained  with  iron  and 
manganese  and  usually  showing  a  faint  metallic  luster.  Two  tyi)es 
of  lead-silver  ore  may  at  present  be  distinguished — oxidized  ore  con- 
sisting of  lead  carbonate,  iron  oxide,  and  other  minerals,  and  primary 
ore  made  up  of  galena,  pyrite,  and  zinc  blende. 

All  the  development  is  well  within  the  zone  of  oxidation,  so  that 
such  primary  ore  as  is  found  occurs  in  spots  which  have  escaped  the 
influence   of  surface  waters.     In  the  Latest  Out  mine  pockets  of 
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sulphide  are  found  as  bunches  isolated  m  the  limestone  adjacent  to 
the  veins,  and  occasionally  as  cores  within  large  blocks  of  secondaiy 
ore.  In  the  Pittsbui^h-Idaho  mine,  near  the  bottom  of  the  east  vein, 
where  downward-percolating  waters  are  checked  by  a  cross  seam  of 
clay,  some  stopes  afford  galena  and  pyrite.  In  the  Jumbo  mine  oxi- 
dation is  less  advanced  than  elsewhere,  probably  on  accoimt  of  little 
Assuring  in  connection  with  the  deposit.  The  primary  ore  thus 
exposed  is  made  up  of  galena,  quartz,  pyrite,  and  zinc  blende,  de- 
creasingly  important  in  the  order  named. 

Probably  more  than  85  per  cent  of  the  total  ore  exposed  in  the 
lead-silver  deposits  is  composed  of  minerals  resulting  from  the  oxi- 
dation and  carbonation  of  the  group  just  enumerated.  Cerusite  and 
iron  oxide  are  by  far  the  most  conspicuous.  Anglesite  is  frequently 
seen  as  a  narrow  band  around  a  core  of  galena.  (PI.  X,  B,  p.  64). 
Smithsonite  is  common  as  botryoidal  linings  of  small  cavities  and  as 
stringers  along  joints.  Calamine  occurs  as  needle-like  crystals  extend- 
ing from  the  sides  of  vugs  otherwise  lined  by  smithsonite.  Manganese 
oxide  is  omnipresent  as  stains  within  the  ore  and  less  frequently  as 
dendrites  on  the  inclosing  limestone.  Pyromorphite  is  rare,  cerar- 
gyrite  probably  very  common  but  in  exceedingly  small  grains,  mala- 
chite unusual,  and  minium  ver}'  exceptional. 

The  general  tenor  and  make-up  of  the  ore  are  shown  in  the  table  on 
page  65. 

In  striking  contrast  to  the  composition  of  the  lead-silver  ores  is 
that  of  the  gold  ore  of  the  Martha  vein,  from  wliich  several  shipments 
have  been  made.  Like  the  lead-silver  ores,  the  grade  is  remarkably 
uniform.  The  analysis  below  may  be  considered  typical.  In  ap- 
pearance the  ore  is  a  dull,  earthy,  more  or  less  incoherent  mass, 
heavily  stained  by  iron  and  manganese. 

Analysis  of  smelter  ore  from  Martha  gold  ?Wri. 

Gold ounce. .     0. 515 

Silver do 70 

Silica per  cent. .  II.  7 

Iron do 47. 7 

Lead None. 

This  vein  carries  gold  in  commercial  amounts  but  contains  very 
little  silver  and  no  load;  in  all  the  other  veins,  except  the  Silver 
Moon,  the  relation  is  the  reverse.  The  Silver  Moon  is  said  to  have 
produced  silver  almost  exclusively. 

OROUND-WATER  LEVEL  AND  OXIDATION. 

Nowhere  in  the  mines  of  the  district  has  ground-water  level  been 
reached.  Some  idea  of  its  depth,  however,  may  be  formed  from  a 
consideration  of  the  large  springs  which  appear  in  gi-eat  numbers  in 
the  adjoining  valley  at  elevations  of  6,600  to  6,700  feet.    These 
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springs,  which  undoubtedly  drain  most  of  Texas  district,  appear 
about  3  miles  northeast  of  the  mines  at  Gilmore.  Just  what  slope 
the  water  table  has  between  the  mines  and  the  springs  is  not  known, 
but  with  open  east-west  fissures,  some  of  which  are  2  feet  or  more 
wide  throughout  considerable  parts  of  their  length  and  with  intricate 
north-south  jointings,  it  seems  very  probable  that  the  increase  in 
elevation  of  the  water  table  from  the  springs  to  the  mines  is  com- 
paratively sUght,  probably  much  less  than  100  feet  to  the  mile.  A 
study  of  the  general  geology  of  the  district  discloses  another  factor 
which  probably  has  a  bearing  on  ground-water  level.  Comparatively 
recent  dikes  of  quartz  diorite  porphyry  cut  north  and  south  through 
the  area.  They  did  not  participate  in  the  folding  which  caused  the 
steep  eastward  dip  and  are  probably  antedated  by  very  much  of  the 
jointing  in  the  limestone.  They  have,  however,  been  involved  in  the 
movement  which  developed  the  east-west  open  fissures.  It  thus  ap- 
pears that  with  submerged  dams  broken  in  only  a  few  places,  as  com- 
pared with  the  intricate  jointing  elsewhere  prevailing,  the  water  level 
will  be  somewhat  higher  west  of  the  dikes  than  east  of  them.  It  thus 
appears  that  permanent  water  level  will  probably  be  found  in  the 
vicinity  of  the  Pittsburgh-Idaho  mine  at  6,800  to  7,000  feet.  In  the 
territory  farther  west,  as  at  the  Latest  Out  mine,  it  will  probably  be 
found  at  a  somewhat  higher  level. 

Throughout  that  portion  of  the  deposit  now  developed  oxidation 
is  essentially  complete.  The  mineralogic  character  of  the  primary 
ore  in  the  lead-silver  deposits  is  not  fully  known,  but  chance  bunches 
of  unaltered  ore  indicate  that  the  present  deposits  are  derived  from 
argentiferous  galena,  pyrite,  and  sphalerite,  together  with  minor 
amounts  of  some  manganese  mineral  and  a  little  chalcopyrite. 
Analogy  with  other  lead-silver  deposits  in  the  State,  notably  those  at 
Cceur  d'Alene  and  Wood  River,  suggests  that  siderite  also  may  be 
present  in  the  primary  ore,  but  none  was  seen.  The  important 
chemical  and  mineralogic  changes  involved  in  the  alteration  of  these 
ores  have  been  the  conversion  of  argentiferous  galena  to  cerusite  and 
cerargyrite,  of  pyrite  to  limonite,  and  of  sphalerite  to  smithsonite. 
Anglesite  occurs  in  several  places  as  a  narrow  band  between  galena 
and  cerusite.  It  is  everywhere  very  subordinate  in  amount,  clearly 
indicating  that  the  transition  to  cerusite  follows  very  quickly  after 
the  breaking  down  of  the  galena,  even  though  the  sulphate  is  prob- 
ably always  an  intermediate  form.  Minium,  calamine,  argentite, 
and  manganese  oxide  are  other  secondaiy  minerals  which  occur, 
although  only  the  last  abundantly. 

As  the  alterations  noted  in  the  deposits  necessitate  an  increase 
of  volume  per  unit  of  metal  contained  (pp.  66-68),  and  as  the 
deposits  are  more  porous  now  than  formerly,  a  considerable  extraction 
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of  one  or  more  elements  must  have  taken  place.  From  the  rela- 
tive rate  of  oxidation,  and  the  relative  solubility  of  the  oxidation 
products,  it  appears  that  lead  has  remained  essentially  stable,  iron 
has  probably  been  somewhat  removed,  and  anc  removed  in  consid- 
erable quantities. 

From  the  above  it  is  concluded  that  below  the  asone  of  oxidation 
lead  will  decrease  slightly  in  amount  per  ton  of  ore.  This  follows 
from  the  conclusion  that  iron  will  increase  somewhat  and  that  zinc 
will  probably  increase  materially.  In  other  words,  it  is  thought  that 
there  is  a  slight  concentration  of  lead  in  the  oxidized  ore  by  reason 
of  the  leaehing  of  other  constituents  of  the  deposit. 

AOB  AlTD  OEVX8I8. 

The  deposits  of  the  Texa^s  mining  district  are  of  late  Cretaceous  or 
early  Eocene  age,  although  local  evidence  does  not  confine  the  limits 
so  closely.  The  veins  are  obviously  younger  than  the  Carboniferous 
limestone,  which  is  mineralized  in  places.  They  are  younger  than 
the  quartz  diorite  dikes,  for  one  of  the  latter  cut  the  ore  as  shown  in 
the  upper  workings  of  the  Latest  Out  mine.  The  dikes  in  turn  are 
older  than  the  present  topographic  features,  for  they  cut  across  the 
mountain  tops,  as  near  the  head  of  Meadow  Lake.  As  the  present 
topographic  features  are  post-Eocene,  it  follows  from  local  evidence 
that  the  deposits  are  post-Carboniferous  and  pre-Oligocene.  From 
broader  considerations,  however,  it  is  thought  that  the  deposits  are 
late  Cretaceous  or  early  Eocene.     (See  p.  68.) 

Alteration  has  been  so  complete  that  the  ore  itself  retains  few  of 
those  evidences  of  origin  which  are  generally  recorded  in  mineralo^c 
structure  and  relations.  That  the  deposits  were  formed  at  a  depth  of 
2,000  feet  or  more  is  evident  from  their  relations  to  the  topography. 
The  general  features  of  the  deposits  indicate  that  both  replacement 
and  fissure  filling  have  taken  place.  In  the  Pittsburgh-Idaho  mine 
the  east  fissure  continues  downward  after  the  ore  has  given  out.  In 
the  Latest  Out  mine  also  the  vein  walls  continue  in  many  places  after 
the  ore  has  entirely  ceased. 

The  veins  arc  clearly  older  than  the  quartz  diorite  porphjny  dikes 
which  cut  them.  It  is,  however,  interesting  that  throughout  the 
Texas  district  and  the  Spring  Mountain  district  to  the  south,  these 
dikes  are  never  far  removed  from  the  ore  deposits,  possibly  indicating 
that  the  two  have  a  common  source.  Broader  considerations  (p.  68) 
lead  to  the  belief  that  the  ores  of  the  Texas  district  are  genetically 
related  to  an  underlying  granitic  or  monzonitic  mass  corresponding 
to  the  great  bathoUth  extensively  exposed  in  central  Idaho  to  the 
west,  probably  in  the  Wood  River  district  to  the  south,  and  at  many 
places  along  the  Beaverhead  Mountains  to  the  east. 
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MINES. 
PZTT8B UEOX-ID ASO  Xm. 

SituaHan  and  development. — ^The  Pittsburgh-Idaho  mine  is  situated 
near  the  town  of  Gihnore,  in  the  southeast  part  of  Liemhi  County,  at  an 
elevation  of  7,800  feet  above  sea  level.  In  1910  the  Gilmore  &  Pitts- 
burgh Railroad  had  been  completed  to  a  point  within  IJ  miles  of 
the  mine,  thus  affording  ready  transportation. 

The  history  of  this  group  of  claims  is  essentially  the  history  of  the 
Texas  district.     (See  p.  90.) 

The  production  of  the  property  prior  to  September  1,  1911,  con- 
sisted of  about  12,000  tons  of  lead  bulUon  and  about  500,000  ounces 
of  silver,  approximately  45  per  cent  of  which  was  shipped  during  the 
fiscal  year  1910-11. 

Development  has  been  largely  confined  to  two  of  the  five  claims 
owned  by  the  company,  the  Silver  Dollar  and  the  Sixteen  to  One. 
(See  fig.  9.)  On  the  upper  levels  the  Silver  Dollar  was  the  more  pro- 
ductive, but  with  increasing  depth  the  ore  shoots  pitched  south  into 
the  Sixteen  to  One  ground,  and  at  present  that  claim  affords  nearly 
the  entire  output. 

The  mine  is  worked  from  a  double-compartment  shaft  sunk  from 
an  old  tunnel  level  100  feet  above  the  present  adit  and  about  110  feet 
below  the  surface  of  the  ground.  Although  now  entirely  abandoned, 
the  old  tunnel  is  still  the  reference  point  in  naming  the  several  levels. 
Thus  the  present  working  adit  is  known  as  the  100-foot  level.  Below 
it  the  shaft  continues  for  300  feet,  and  from  it  drifts  and  crosscuts 
aggregating  about  3,000  feet  have  been  extended  oii  the  200,  300,  and 
400  foot  levels.  From  the  latter  an  incline  winze  reaches  to  the  500- 
foot  or  deepest  level. 

Oeohgic  conditions. — ^Throughout  the  workings  blue  fine-grained 
Devonian  hmestone,  extensively  jointed  and  locally  greatly  crushed, 
is  the  prevailing  country  rock.  Within  this  are  lenses  (and  possibly 
here  and  there  a  bed)  of  fine-grained  white  hme,  the  largest  observed 
measuring  perhaps  35  feet  in  maximum  thickness.  These  lenses 
frequently  protrude  into  the  ore  fissure  in  a  most  remarkable  way, 
and  almost  invariably  they  are  covered  with  shckenside  surfaces  re- 
corded in  a  layer  of  talcky  pulverized  Hme.  In  general  the  limestone 
dips  from  30°  to  50°. 

Quartzite,  which  dips  toward  the  mine,  crops  out  about  4,000  feet 
to  the  west.  It  will  not  be  encountered  in  the  workings,  however, 
until  they  have  been  extended  2,000  feet  or  more. 

Ore  deposits. — ^The  ore  bodies  in  the  Pittsburgh-Idaho  mine  com- 
prise two  nearly  vertical  veins  and  a  flat  vein  which  connects  them 
and  continues  in  depth  beyond  the  west  one.  (See  figs.  10-12.)  All 
strike  N.  15°  E.,  as  does  also  the  inclosing  limestone,  and  each  has  a 
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general  westerly  dip,  oppo^te  to  tliat  of  the  limeBtone  The  east  and 
west  veins,  however,  are  in  some  places  vertical  and  in  few  d^  leas 
than  70° ;  the  flat  vein  mostly  inclines  at  an  angle  of  about  45°.  The 
flat  vein  joins  the  east  vein  about  30  feet  below  the  200-foot  level  but 


has  not  been  found  to  the  cast.    Westward  it  continues  across  the 
west  vein  and  is  now  being  worked  on  the  500-foot  level. 

In  general  outline  the  deposits  are  tabular  and  clearly  to  be  classed 
as  veins,  yet  in  detail  they  are  irregular.  Many  small  swells  extwid 
into  the  walls  and  in  places  spurs  follow  joint  planes  for  short  die- 
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tances.    XlBuaDy  the  contact  of  vein  material  with  vall  rock  is  clean 
cut,  but  hen  and  there  isolated  bundles  of  ore  extend  into  the  lime- 
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stone.  In  some  places,  notably  in  the  bottoms  of  the  lower  stopes 
on  the  east  rein,  the  ore  stops  abruptly,  though  the  fissure  continues 
with  well-defined  waUs. 
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From  these  general  relations  it  appeals  that  the  solutiona  depodt- 
ing  the  ores  entered  along  open  fissures  and  that  the  principal  depo- 
sition took  place  in  cavities  already  existing.  That  the  sohitions 
were  capable  of  replacing  the  limestone,  however,  is  cleaily  shown 
by  the  isolated  bunches  of  ore  within  the  walls  adjacent  to  tiie  veins 
and  also  by  the  swells  of  ore  into  the  wall  rock  without  corresponding 
swells  of  wall  rock  into  the  ore  on  the  opposite  sit'e. 


FiouBB  II.— Ixmtltiidlnalsectkinoteaatvein,  PittabiirKh-Idahoialna,  T«XMi 


The  ore  material,  aU  of  which  ia  at  present  derived  from  below  the 
200-foot  level,  is  chaxacterized  by  a  liigh  percentage  of  metallic  ele- 
ments, lead,  zuic,  and  iron  together  constituting  over  one-half  of  the 
vein  filUng.  The  material  occupying  this  part  of  the  vein  is  tmj 
different  from  that  which  was  originally  <leiK>sited  in  it  and  which 
presumably  still  continues  below  the  level  of  ground  water.  In  this 
original  material  galena,  pyrite,  and  sphalerite  were  abundant,  but 
in  the  existing  material  the  filling  is  eartliy  lead  carbonate  acooin- 
panied  by  abundant  iron  and  manganese  oxides.     The  zinc  coriwoatCi 
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smithsonite,  is  common  as  druses  in  cavities  of  secondary  origin  and 
as  a  granular  intennixture  with  the  cerusite.  Calamine  was  noted 
as  radiating  groups  of  needle-Hke  crystals  protruding  from  cavity 
walls  otherwise  covered  by  botryoidaJ  smithsonite.  (See  PI.  X,  C, 
p.  64.) 
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Figure  12.— LoDgltudiiial  section  ot  flat  vsin,  Pitlsbuigli-ldatia  mine.  Teiu  dIMiict. 

The  ore  averagi's  about  37  per  cent  of  load  and  15.25  ouncw  of 
silver,  and  in  the  5U0  feet  of  depth,  tbua  far  attained  little  or  no  change 
has  been  noted  in  its  tenor.  As  the  ground-water  level,  and  hence 
lower  limit  of  oxidation,  will  probably  be  encountered  at  an  elevation 
of  about  6,900  feet  above  sea  level,  and  the  lowest  level  at  present  is 
7,100  feet,  it  is  probable  that  little  change  in  the  character  of  the  ore 
will  be  encountered  within  the  next  200  feet. 
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SHuaHon  and  development. — ^The  Latest  Out  mine  is  situated  in  the 
central  part  of  the  Gilmoro  division  of  the  Texas  mining  district. 
The  property  consists  of  one  claim  owned  by  the  Latest  Out  Mining 
&  Smelting  Co. 

Development  consists  of  a  tunnel  which  enters  the  hill  at  an  eleva- 
tion of  8,100  feet  and  intersects  the  vein  340  feet  from  the  portal, 
whence  an  incline  shaft  extends  220  feet.  Laterals  aggregating  8O0 
or  900  feet  extend  from  the  shaft  at  the  100,  200,  and  300  foot  levels. 
The  ground  above  has  been  worked  principally  from  openings  farther 
up  the  mountain.  These  com- 
prise 300  to  400  feet  of  develop- 
ment.    (See  fig.  13.) 

The  claim  was  located  in  1880 
and  during  the  four  or  five  suc- 
ceeding years  1,200  to  1,500  tons 
of  ore  was  hauled  to  the  old 
Nicholia  smelter.  Notimtil  1908, 
however,  when  Ralph  Nichols 
gained  control,  was  substantial 
development  undertaken.  In 
1908  and  1909  about  200  tons  of 
ore  was  hauled  85  miles  to  Du- 
bois and  thence  shipped  to  Salt 
Lake.  With  the  advent  of  the 
railroad  in  1910,  transportation 
coats  were  so  reduced  that  mining 
and  developmentwere  undertaken 
on  the  larger  scale  which  has 
since  continued.  Up  to  Septem- 
ber, 191!,  the  gross  production 
was  about  $350,000. 

Geologic  conditions. — The  OOim-         Itlot.    shows  Iho  local  lensllke  ronn  ol  ihe  iiTP 

try  rock  is  fine-grained  blue  Devo-  "^"^ '""'  """^  "">  ""^  """  ""^  ''"""'■ 
nian  limestone,  underlain  at  a  depth  of  2,000  to  2,500  feet  by  white 
fine-grained  quartzite.  Both  limestone  and  quartzite  dip  about  25°  E. 
A  dike  of  quartz  diorite  porphyry  45  feet  wide  extends  N.  42°  W, 
through  the  property,  crossing  the  adit  level  275  feet  from  the  portal. 
It  is  also  exposed  in  th©  upper  workings,  where  it  cuts  across  the 
vein.  Very  little  if  any  alteration  of  the  ore  or  of  the  limestone  has 
been  produced  by  the  intrusion,  although  the  weathered  con<lition  of 
the  material  precludes  accurate  determinations. 

Two  east-west  open  fissures,  having  a  maximum  width  of  about 
5  feet  but  not  averaging  over  5  or  6  inches,  have  been  encountered 


PIAN 
H.— OmUno  nf  ore  body  ei 


106      GEOLOGY  AND  ORE  DBPOBITS  OF  LEMHI  COUNTY,  IDAHO. 

in  the  workings  and  are  clearly  postmineral.  In  the  big  scope  be- 
tween  the  100  and  200  foot  levels,  however,  similar  cross  fissures 
represent  points  of  maximum  width  in  the  vein  and  are  evidently 
older  than  the  deposits.  Thej  appear  to  be  unmineralized  beyond  & 
few  feet  from  the  main  ore  body,  a  fact  which  suggests  that,  instead 
of  carrying  mineralizing  solutions  themselves,  their  intersections  with 
the  north-south  channels  merely  afforded  favorable  places  for  replace- 
ment. 

Ore  deposits. — The  ores  of  the  Latest  Out  mine  occur  as  irregular 
lenses  along  a  rather  poorly  defined  fissure  which  strikes  a  little  east 
of  north  and  dips  about  70°  W.  (See  fig.  14.)  In  the  few  places 
where  grooves  were  noted  they  pitch  about  50°  S.    Thus  they  occur 
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Figure  15.— Diagram  illustrating  replaoement  phenomena  in  Latest  Out  mine,  back  of  incline  between  loe 
and  200  foot  levels.    A-B  is  common  to  both  the  plan  and  the  seotion. 

in  the  south  drift  on  the  lOO-foot  level,  where  the  walls  are  well 
defined  but  the  fissure  barren  of  ore.  This  relation  of  fissure  and 
grooves  is  interpreted  to  mean  that  the  ores  occur  along  a  fault, 
probably,  however,  one  of  minor  displacement.  In  places  the  walls 
are  in  juxtaposition;  in  others,  ground  and  crushed  limestone  fills  the 
3  or  4  feet  intervening;  and  in  still  others,  oro  is  the  filling  material. 
Much  of  the  limestone  adjacent  to  the  vein  contains  isolated  bunches 
of  galena  and  rarely  sphalerite,  both  of  which  from  their  position  are 
clearly  of  replacement  origin.  (See  fig.  15.)  In  most  places,  how- 
ever, complete  oxidation  and  carbonation  have  destroyed  all  the 
evidences  of  origin  which  ore  usually  discloses.  As  exposed  at  present 
the  ore  is  an  earthy  iron  and  manganese  stained  material,  mostly 
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incoherent.     Fresh  fractures  show  granular  cerusite  intimately  mixed 
with  iron  oxide. 

In  general,  the  ore  runs  about  18  ounces  in  silver  to  the  ton,  34 
per  cent  lead,  10  per  cent  iron,  and  5  per  cent  zinc. 

AT.T.TK  MnriNO  00.  S  PROPERTY. 

Situation  and  development, — ^The  Allie  Mining  Co.  owns  18  claims 
surroimding  the  Pittsburgh-Idaho  and  Latest  Out  properties  at  Gil- 
more.  The  group  was  located  in  1903  and  the  present  company 
organized  in  1905.  About  6,000  feet  of  development  work  has  been 
done,  principally  on  the  Gilmore,  Ruth,  Glen,  and  Martha  claims. 

Ore  deposits. — ^The  extensive  prospecting  done  by  the  company  has 
not  disclosed  commercial  deposits  of  lead-silver.  Recently,  however, 
a  promising  gold  vein  has  been  discovered  on  the  Martha  and  Dorothy 
claims,  and  it  is  estimated  that  about  15,000  tons  of  ore,  averaging 
about  $12  per  ton  in  gold,  are  blocked  out. 

The  ore,  which  is  inclosed  in  flat-lying  Devonian  (?)  limestone, 
occurs  along  a  fractured  zone,  probably  a  fault  plane,  extending 
N.  10**  E.  and  dipping  about  20**  W.  It  is  developed  from  the 
Dorothy  ground  by  a  tunnel  which  taps  it  about  200  feet  below  the 
surface,  and  228  feet  lower  it  is  reached  by  a  crosscut  from  the  300- 
foot  level  of  the  Pittsburgh-Idaho  mine.  From  the  lower  level  a 
raise  has  been  driven  175  feet  on  the  vein  and  a  vertical  winze  simk 
50  feet  with  crosscut  to  the  vein.  On  several  levels  drifts  extend 
laterally  to  the  margins  of  the  shoot,  which  as  thus  outlined  averages 
12  feet  wide  by  30  feet  long. 

The  ore  is  an  earthy  iron  and  manganese  stained  mass,  very  soft, 
and  in  places  showing  casts  of  small  pyrite  crystals.  Partial  analysis 
shows  49  per  cent  iron  oxide,  5  per  cent  silica,  $15  in  gold,  a  trace  of 
silver,  and  no  lead.  The.  total  absence  of  lead  and  the  comparatively 
high  value  in  gold  distinguish  this  vein  from  the  other  known  deposits 
of  the  district.  It  is  thought,  however,  that  it  was  formed  during  the 
same  period  of  mineralization  as  the  lead-silver  deposits. 

Ore  has  been  exposed  on  the  Ruth  claim,  though  not  in  commercial 
quantities.  It  is  of  interest  chiefly  in  that  it  occura  along  a  well- 
defined  east-west  fissure.  The  fissure  is  filled  mainly  with  gouge, 
through  which  the  ore  is  sparsely  scattered  as  small  lenses  and  irregu- 
lar bunches. 

A  promising  claim  of  the  Allie  group  is  the  Roy  Sauer,  which  joins 
the  Latest  Out  on  the  west.  It  is  as  yet  unprospected,  an  incline 
shaft  20  feet  deep  being  the  principal  opening.  This  extends  down 
a  fissure  about  4  feet  wide  which  dips  50°  W.  It  contains  heavy 
iron  and  manganese  oxides  and  a  little  lead  carbonate. 
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OTHXB  XIVB8  AHD  PBOBPSOTl. 

Numerous  less-developed  properties  south  of  Gilmore  are  grouped 
below  under  the  heading  ''Silver  Moon  and  Liberty  gulches/'  and 
others  to  the  north  under  ''Texas  and  Ulich  gulches."  Not  many  of 
them  were  visited.  Two  or  three  are  of  special  interest  as  throwing 
light  on  relations  in  the  district. 

Silver  Moon  and  Liberty  gulches. — Silver  Moon  and  Liberty  gulches 
are  deep  narrow  valleys  which  extend  back  into  Lemhi  Range  from 
points  about  3  miles  and  1  mile,  respectively,  south  of  Gilmore.  In 
Liberty  Gulch  several  hundred  feet  of  development  work  has  been 
done.  In  Silver  Moon  Gulch  most  of  the  deposits  strike  north  and 
south  with  the  limestone  but  dip  west,  almost  at  right  angles  to  the 
dip  of  the  latter.  The  Silver  Moon  vein  is  an  exception  in  that  it 
lies  with  the  bedding  of  the  inclosing  formation.  This  vein  differs 
also  from  the  otliers  in  being  predominantly  a  silver  instead  of  a  lead 
deposit.  The  Silver  Moon  ore  body,  as  exposed  in  the  tunnel  level, 
is  in  the  form  of  a  lens  about  50  feot  long  and  30  inches  in  maximum 
thickness,  feathering  out  to  the  north  and  south.  The  vein  is  said 
to  have  produced  about  80,000  ounces  of  silver  during  its  period* of 
activity,  20  or  more  years  ago. 

Other  properties  in  the  gulch  produced  a  little  lead-silver  in  the 
early  days  of  the  district.  Chief  among  these  are  probably  the  Grace 
Phelan  and  Ilecla  groups. 

Texas  and  Ulich  gulches. — ^Texas  Gulch,  from  which  the  Texas 
mining  district  derives  its  name,  is  situated  about  2  miles  north  of 
Gilmore,  and  extends  back  into  the  mountauis  for  several  miles  as  a 
deep  flat-bottomed  canyon.  Its  principal  properties  are  the  Moun- 
tain Boy  and  Portland,  neither  of  wliich  was  visited. 

Several  properties  are  situated  in  TJlich  Gulch,  one-fourth  mile 
farther  north,  but  only  two — the  Jumbo  and  the  Democrat — ^were 
visited.  The  Jumbo  deposit  is  opened  by  tunnel  and  incline  shaft, 
all  together  constituting  perhaps  800  to  1,000  foet  of  development. 
Tlie  inclosing  limestone  strikes  N.  20°  E.  and  in  general  dips  east, 
althougli  there  are  many  local  variations  to  the  west.  A  diorite  dike 
about  12  feet  wide  follows  the  strike  of  the  limestone  and  dips  70°  to 
85°  W.  This  deposit  is  of  special  interest  in  tliat  it  reveals,  more  con- 
clusively than  any  of  the  others  visited,  the  replacement  phase  of  the 
lead-silver  deposits.  Struigers  of  galena  and  corusite  following  joint 
])lanes  here  and  there  merge  into  irregular  louses  of  ore  whicli  extend 
for  several  foet  along  tlio  bedding;  in  some  ])lacos  both  ways  from  a 
given  joint,  in  others  in  but  one  direction,  either  up  or  down  the  dip 
(fig.  16).  Many  of  these  lenses  are  made  up  of  unaltered  material, 
but  some  are  composed  entirely  of  secondary  minerals.  About  400 
tons  of  ore  running  37  per  cent  lead,  48  ounces  in  silver,  and  $3.50 
in  gold  liave  been  shipped  from  the  property. 
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Near  the  mouth  of  Ulich'  Gulch  is  the  Democrat  mine.  It  was 
staked  in  1880  and  is  said  to  be  the  earliest  located  in  the  district. 
The  vein,  which  is  wide  and  persistent,  corresponds  in  strike  to  the 
inclosing  limestone.  Both  dip  east,  the  vein  70°  and  the  limestone 
about  45".  The  gangue  is  very  siliceous,  carrying  galena  and  pyrite, 
together  with  minor  amounts  of  derivatives  from  them.  The  ore  is 
said  to  contain  about  9  per  cent  lead  and  i  ounces  in  silver. 

BLUE  WINO  DISTBICT. 


SITITATION    AND   HISTORY. 

The  Blue  Wing  mining  district  roiiiprLsea  n  small  area  along  the 
middle  and  headwaters  of  Patterson  Crcpk,  a  stream  draining  soutb 
to  Pahsimeroi  River  from 
the  crest  of  Lemhi  Rangp. 
It  is  20  miles  southwest  of 
Leadore,  Idaho,  which  will 
be  the  outlet  when  a  wagon 
road,  now  in  course  of  con- 
struction, is  completed  over 
the  range.  Prospecting 
within  the  district  has  cen- 
tered about  Ima,  a  small 
settlement  2  miles  above  the 
mouth  of  Patterson  Creek 
canyon. 

Mineral  locations  were 
made  near  Ima  as  early  as 
1881,  but  active  develop- 
ments did  not  b^in  until  1900,  when  the  Ima  Consolidated  Mining 
&  Milling  Co.  started  exploratory  work  which  continued  during 
the  four  succeeding  years.  Tungsten  was  first  recognized  in  1903, 
but  not  until  the  spring  of  1911  did  it  attract  serious  attention. 
About  this  time  the  Idaho  Tungsten  Co.  was  formed  and  secured  a 
seven-year  lease  on  the  21  patented  claims  owned  by  the  Ima  Co. 
Subleases  have  been  let  to  two  or  three  companies  and  new  locations 
made  by  individuals. 

A  50-ton  capacity  concentrating  mill  has  recently  been  installed, 
it  being  the  plan  to  produce  a  60  per  cent  concentrate  for  shipping. 
Developraente  consist  of  four  or  five  tunnels  and  an  incline  shaft  75 
feet  deep ;  in  11,  perhaps  2,000  feet  of  work.  The  lower  tunnel  enters 
the  west  wall  of  the  canyon  near  the  creek  level  and  the  others  extend 
in  the  same  direction  at  irregular  intervals  above.  Ilie  first  above, 
which  is  known  as  No.  4  tunnel,  is  900  feet  long. 


iQV'Bi  ifl.— Bketd  Uluttntinc  o 
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GEOLOGIC   RELATIONS. 

The  deep,  narro^v  canyon  of  Patterson  Creek  is  cut  across  a  promir 
nent  anticline  wliich  reaches  from  tlie  canyon's  mouth  to  the  forira 
of  the  stream  2  miles  above.  At  the  lower  point  the  beds  incline 
40^  to  90*^  W.,  and  at  the  upper  they  dip  almost  as  steeply  in  the 
opposite  direction.  The  rocks  are  quartzitic  slates  and  schists  with 
a  little  seriritic  and  chloritic  schist,  and  succeed  one  another  in  monot- 
onous succt^on.  They  are  of  Algonkian  age,  probably  representing 
the  upper  members  of  that  series. 

No  igneous  rock  outcrops  in  the  immediate  vicinity  of  the  mines. 
Bowlders  of  quartz  diorite  along  Patterson  Creek,  however,  support 
the  statement  tliat  an  igneous  mass  appears  at  the  surface  a  short 
distance  up  the  west  fork. 

ORE   DEPOSITS. 

The  princij)al  mhieral  deposits  now  known  cross  Patterson  Creek 
about  a  mile  above  the  mouth  of  its  canyon.  From  the  creek  level, 
it  is  said,  the  veins  outcrop  at  intervals  to  the  west  rim  of  the  canyon, 
2,200  feet  higher.  They  follow  fractures  wliich  in  general  parallel 
the  anticlinal  axis,  running  N.  30**  to  40®  W.,  but  locally  digress  20® 
or  more.  The  dip  of  the  veins  is  usually  50®  to  70®  SW.  They  vaiy 
in  width  from  stringers  to  10  or  12  feet,  and  in  one  place  in  the  lower 
tunnel  to  20  feet.  The  vein  filUng  is  coarse-textured,  bluish  quarts, 
extensively  crushed  by  postmineral  movements.  Its  contact  with 
the  hanging  wall  is  usually  sharp,  although  many  stringers  extend 
out  into  the  country  rock,  and  in  places  several  parallel  veinlets 
accompany  the  main  vein.  The  foot  wall  is  locally  less  clearly  de- 
fined, quartz  being  intermixed  with  crushed  wall  rock. 

Scattered  rather  sparsely  and  very  irregularly  through  the  coarse 
white  quartz  are  crystals  and  irregular  areas  of  sphalerite,  tetrahe- 
drite,  pyrite,  hiibncrite,  galena,  molybdenite,  and  chalcopyrite. 
These  arc  clearly  of  piimarj''  origin,  but  in  addition  to  them  are  a 
considerable  number  of  minerals  wliich,  from  their  occurrence  along 
fracture  planes,  in  cavities,  and  near  the  outcrop,  are  thought  to  be 
secondary.  Among  them  Unionite,  malachite,  azurite,  and  manga- 
nese oxide  are  common,  and  cerargyrite,  bo  mite,  chalcocite,  cuprite, 
siderite,  possi])ly  molybdenite,  and  scheeUto  are  comparatively  rare. 
Following  is  a  Ust  of  the  minerals  seen  in  the  deposit,  with  notes  on 
their  pecuharities  and  occurrence. 

AznriU. — ^Thc  blue  copper  carbonate  occurs  as  stains  in  the  oxidized  ore. 

Bomite. — ^Thc  purple  copper-iron  sulphide  occurs  closely  associated  with  cbalcopy- 
rite  in  partly  oxidized  ores. 

Ceraniyrite. — Silver  chloride  appears  in  the  oxidized  zone  as  one  of  the  products  in 
the  breaking  down  of  tetrahednte.    It  occurs  as  green  and  gray  crusts. 
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ChatcodU. — Copper  glance  is  found  in  some  of  the  oxidized  ore. 

ChaleopyriU. — ^The  primary  copper-mineral  chalcopyrite  occurs  as  small,  irregular 
patches  in  the  firm  quartz. 

Cuprite. — ^The  red  copper  oxide  ia  rare. 

Galena. — Lead  sulphide  occiurs  as  fine-grained  masses  and  rarely  as  small  cubes. 
It  is  not  conspicuous  in  the  ore. 

HUhnente. — ^Manganese  tungstate  is  the  chief  ore  of  tungsten  in  the  district.  The 
variety  here  found  contains  2  per  cent  of  iron  oxide  and  about  76  per  cent  of  tungsten 
trioxide.  It  occiub  embedded  in  the  quartz  either  as  reddish- brown  masses  or  cr>'8- 
tals  and  is  likely  to  be  confused  with  the  peculiar  type  of  sphalerite  found  here.  The 
two  may  be  distinguished  easily,  however,  by  scratchiBg  a  smooth  face,  the  latter 
giving  a  gray  streak  readily  distinguished  from  the  brown  streak  of  htlbnerite. 

Limonite. — Limonite  is  abundant  near  the  surface  and  occiirs  in  a  great  variety  of 
ahades  from  almost  red  to  lemon-yellow. 

Malachite. — ^The  green  copper  carbonate  is  locally  conspicuous  in  the  oxidized  ore. 

Manganese  oxides. — ^Manganese  oxides  occur  in  a  variety  of  forms  from  black  powder 
to  dendrites  and  beautiful  aggregates  of  radiating  prismatic  crystals.  (See  PI.  XIII, 
A,  p.  72.) 

Molybdenite. — ^Molybdenum  sulphide  occurs  as  sheens  on  fracture  planes,  as  thin 
foliated  masses  lining  small  crevices,  and  as  scales  and  small  grains  intergrown  with 
the  primary  ore  minerals. 

Pyrite. — Pyrite  occurs  as  small  cubes  and  irregular  patches  embedded  in  the  quartz. 

Sdieelite. — Calcium  tungstate  is  not  important  in  the  deposits.  It  occurs  as  pale- 
yellow  grains  in  the  powder  which  locally  fills  crevices  in  the  ore  and  rarely  as  small 
druses  in  cavities  near  the  surface. 

Siderite. — Carbonate  of  iron  occurs  as  very  small  platy  crystals  covering  fracture 
laces.  (See  PI.  XIII,  -B,  p.  72.)  They  vary  from  dark  brown  to  straw  color.  Many 
of  the  plates  stand  on  edge. 

Sphalerite. — ^Zinc  blende,  almost  black  in  color,  is  common  in  the  ores  and  is  likely 
to  be  confused  with  htibnerite.  Its  characteristic  light-gray  streak  affords  an  easy 
meins  for  field  identification. 

Tetrahedrite. — Gray  copper  is  abundant  locally  as  irregular  masses  of  peculiar  green- 
ish color.  Partial  analysis  by  R.  C.  Wells,  of  the  Survey  laboratory,  reveals  1.9  per 
cent  of  silver  and  29.7  per  cent  of  copper. 

The  most  striking  feature  brought  out  by  a  study  of  ore  specimens 
from  the  Blue  Wing  district  is  the  absence  of  definite  sequence  in 
the  formation  of  the  constituent  minerals.  Only  one  period  of  min- 
eralization is  recorded.  In  some  places  hubnerite  occurs  wth  dis- 
tinct crystal  outUnes  indicating  that  it  was  first  to  form;  in  otliei-s, 
however,  it  is  so  intimately  inteigrown  with  sphalerite  that  their 
essential  contemporaneity  can  not  be  doubted.  The  two  are  fre- 
quently m  contact  and  bear  the  same  relation  to  the  inclosing  quartz. 
In  places  sphalerite  includes  pyrite,  molybdenite,  and  tetrahedrite. 
Elsewhere  pyrite  includes  the  last  two  and  probably  also  chalcopy- 
rite. Galena  seems  to  be  contemporaneous  with  sphalerite.  (See 
PL  XIII,  (7,  p.  72.) 

Most  noteworthy  of  the  above  relations  is  the  intimate  associa- 
tion of  tungsten  and  zinc,  which  are  uncommon  in  the  same  deposit 
elsewhere,  and  which,  so  far  as  the  writer  is  aware,  have  not  been 
described  before  as  resulting  from  the  same  period  of  mineralization. 
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The  mineral  veins  at  Ima  are  of  pre-Eocene  age,  for  they  were 
truncated  by  Eocene  erosion.  Only  two  periods  of  metallizaiion 
have  been  recognized  in  this  part  of  Idaho,  one  late  Cretaceous  or 
early  Eocene  and  the  other  Miocene  or  early  Pliocene.  These  deposits 
are  assigned  to  the  former. 

The  unusual  number  and  variety  of  essentially  contemporaneous 
minerals  in  the  deposit  indicates  very  complex  mineral-bearing 
solutions.  No  less  than  twelve  elements  were  present,  and  presum- 
ably several  others.  The  stnicture  of  the  ore  indicates  an  aqueous 
solution  which  acted  in  open  fissures  and  crevices.  It  produced 
little  change  in  the  wall  rock.  The  state  of  combination  of  the  several 
elements  in  the  solution  is  not  known,  but  of  the  minerals  resulting 
from  it  hubnerite  was  locally  the  first  to  form.  The  several  other 
minerals  are  mutually  intergrown  an4  included  in  coarse  granular 
quartz.  The  deposits  are  thought  to  be  genetically  related  to  the 
quartz  dioiitc  which  outcTO])s  at  several  places  along  the  Lemhi 
Range. 

JUNCTION  DISTRICT. 
SITUATION    AND   HISTORY. 

The  Junction  mining  district  comprises  an  ill-defined  area  of  several 
townships,  centering  about  a  point  a  few  miles  northwest  of  the  town 
of  Junction  in  the  southeast  part  of  Lemhi  County.  It  may  be  con- 
sidered as  extending  northwest  to  the  McDevitt  district  (which  is 
definitely  bounded  by  Reese  Creek),  northeast  to  the  Continental 
Divide,  and  southwest  to  the  summit  of  Lemhi  Range.  To  the  south- 
east the.  district  merges  into  country  from  which  mineral  has  not 
been  reported. 

The  district  is  crossed  by  the  Gilmore  &  Pittsburgh  Railroad. 
Excellent  wagon  roads  lead  to  Salmon,  50  miles  northwest,  and  to 
Gilmore  and  Dubois,  respectively  17  and  100  miles  to  the  south  and 
southeast. 

Although  mineral  has  been  known  in  the  Junction  district  for  a 
number  of  years,  it  may  be  considered  one  of  the  younger  districts 
in  the  county,  the  principal  location  having  been  made  in  1904. 
Active  development  began  on  the  Jjcadville  mine  in  1905  and  most 
of  the  prospecting  in  the  surrounding  country  has  been  done  since 
that  date. 

The  Leadvillo  mine,  which  is  the  only  producer  in  the  district 
made  its  fii-st  shipment  in  Fobruarj',  1908.  Its  total  production  is 
about  $75,000  in  lead  and  silver  bullion. 

TOPOGRAPHY. 

The  Junction  district  compiises  a  segment  across  the  broad  valley 
of  Lemhi  River  at  a  point  where  its  course  changes  from  north  to 
northwest.  On  the  northeast  the  valley  side  rises  to  an  elevation 
of  about  8,000  feet  or  2,000  feet  above  the  valley,  and  on  the  south- 
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west  abrupt  slopes  lead  up  to  an  elevation  of  10,000  feet.  The  central 
valley  has  a  gently  sloping  floor  from  6  to  15  or  more  miles  in  width. 
Peterson,  Little  Eightmile,  and  Canyon  creeks  flow  through  deep  narrow 
canyons  which  extend  back  to  the  crest  of  the  Beaverhead  Moun- 
tains, the  last  named  forming  Bannock  Pass,  one  of  the  most  accessible 
gateways  through  the  divide.  On  the  southwest  side  of  the  valley. 
Mill,  Lee,  Eightmile,  and  Timber  creeks  occupy  similar  canyons, 
which  lead  from  the  Lemhi  Range. 

.     GEOLOGY. 

Along  the  northwest  side  of  the  Lemhi  Valley  at  the  base  of  the 
range  the  older  rocks  were  examined  at  several  points,  but  the  oppo- 
site side  of  the  valley  was  not  visited.  As  thus  encountered  they  pre- 
sented a  succession  of  limestones,  slates,  and  quartzites,  named  in 
descending  order  of  importance.  In  general  they  strike  N.  SO^-SO** 
E.  and  dip  30^-50°  SE.,  although  locally  wide  departures  from  these 
values  occur. 

A  great  succession  of  Miocene  lake  beds  occupies  the  broad  Lemhi 
Valley.  No  local  information  was  obtained  concerning  their  maxi- 
mum thickness,  but  if  the  general  history  of  the  formation  has  been 
intei-preted  correctly  (see  p.  35)  they  probably  extend  to  a  depth  of 
2,000  feet  or  more. 

Faulting  is  evident  along  the  northeast  margin  of  the  valley,  where 
for  about  5  miles  prospects  are  distributed  along  a  mineralized  dis- 
placement plane  which  dips  about  40®  SW.  and  throws  Miocene  lake 
beds  against  the  older  rocks. 

Both  intrusive  and  extrusive  igneous  rocks  occur  in  the  area,  the 
latter  being  confined  to  its  northwest  part.  Near  Junction  a  Ught- 
gray  porphyritic  rock  about  the  composition  of  granite  is  found. 
A  dike  of  this  rock,  best  designated  as  granite  porphyry,  extends 
along  the  lower  slopes  of  the  range  to  the  northeast.  As  float  of 
similar  material  was  noted  in  the  canyons  above  their  intersection 
with  this  dike,  it  is  probable  that  other  dikes  occur  farther  up  the 
mountain  slope. 

The  canyon  of  Little  Eightmile  Creek  near  its  mouth  is  cut  in  a 
dark-gray  fine-grained  holocrystaUine  rock  composed  of  plagioclase 
(about  oligoclase),  quartz,  biotite,  and  hornblende,  with  a  few  crystals 
of  orthoclase.  It  is  classed  as  quartz  diorite.  The  mass  is  laccoUthic 
or  batholitliic  in  outline,  about  300  feet  vertical  being  exposed  in  the 
canyon  sides.  A  similar  intrusive  quartz  diorite  occurs  about  3  miles 
from  the  mouth  of  Eightmile  Creek  canyon  in  the  Lemhi  Range. 

Effnsive  rocks  appearing  as  bowlders  along  the  side  terraces  of  the 
Lemhi  Valley  in  the  vicinity  of  Little  Eightmile  Creek  are  predomi- 
nantly dark-gray  andesite  composed  of  plagioclase  cryBtals  sparsely 
studding  a  glassy  to  microcrystaUine  groundmass.     Subordinate  in 
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amount  to  the  andesite  is  a  bluish-gray  rhyolite  composed  of  orthoclim, 
biotite,  and  quartz  phenocr3rsts  in  a  glassy  groundmass. 

From  the  local  area  Uttle  can  be  said  concerning  the  age  of  thaw 
rocks. 

ORE   DEPOSITS. 

Mining  claims  have  been  located  in  the  mountainous  areas  on  both 
sides  of  the  Lfcmlii  Valley,  but  those  most  important  at  proaeat 
are  confined  to  a  narrow  zone  along  the  noi*theast  mai*gui.  CEhe 
PI.  XM.)  The  ore  deposits  crop  out  between  elevations  of  6|800 
and  7,000  feet. 

Near  the  town  of  Junction  the  i)rospects  and  mines  are  distributed 
along  a  fault  plane  which  probably  served  to  direct  the  mineralixaig 
solutions.  Later  movement  has  taken  place  along  this  fault  with  &e 
result  that  now  unminerahzed  lake  beds  form  the  hanging  wall  tf 
the  ore  bodies,  being  separated  from  them  by  a  thin  gouge  seiB 
consistmg  of  clay  and  in  a  few  places  of  pulverized  ore.  The  hm 
of  prospects  extends  for  al)out  5  miles  northwestward  from  tile 
mouth  of  (^anyon  Creek  gorge.  This  occurrence  of  a  vein  betWMB 
a  footwall  of  Paleozoic  rocks  and  a  hanging  wall  of  comparativd|f 
recent  lake  beds  is  unusual  but  not  unknown  in  the  literature.  Tb 
Curlew  vein  near  the  north  end  of  the  Bitterroot  Range  is  probd^f 
of  the  same  age  as  this  one  and  has  a  hanging  wall  of  PleistocMM 
gravels.^ 

Other  mining  claims  are  located  about  the  canj'^on  occupied  iff 
Little  Eightmile  Creek  and  its  tributaries.  Tliest*  are  inclosed  B 
slates  and  limestones,  adjacent  to  a  l)ase  of  (|uartz  diorite. 

The  only  pi-operty  with  sufficient  <levelopment  to  afford  coiicluBUMlB 
concerning  the  ores  is  on  the  Leadville  claim  of  the  Junction  Miiii^B 
Co.'s  group.     In  this  property  the  predominating  ore  is  fine-graina^H 
argentiferous  galena^  usually  remarkably  free  from  gangue. 
small  amounts  of  pjTite  appear  in  the  deposits  and  in  a  veiy 
places  a  httle  chalcopyrite.     The  better  grade  of  ore  runs  from 
to  60  per  cent  lead  and  28  to  35  ounces  of  silver  per  ton. 

Two  ore  shoots  occur  in  tlie  deposit,  the  ores  of  which  differ 
what  in  composition,  as  shown  by  smelter  analyses,  although  in 
hanrl  specimen  no  mineialogic  difference  is  (»videiit.     The  anal 
follow  : 

Analyses  of  orrM  from  Lnif/rillr  nn'ur.  Junrfion  dislrirt. 


Gold. 


Silver.  i^.,i. '  ;•;■;■    ;;-'■ ,  zi„<..   ;;;•';    i™„. 
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No.  1  shoot 
No.  2  shoot 


Tr. 
Tr. 


35.0  I     .v..r> 

28.8  ■      r»4.o 


0.2  ;       Ki.O    . 
.2  '       l.VO  ■ 


1.0 


9.S 

n.o 


2.8 
2.0 
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tains  in  Montana  and  Idaho:  Prof.  Paper  r.  S.  Gcol.  Survey  No.  27, 1904,  p.  86. 
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From  the  amount  of  sulphur  contained  in  both  shoots  it  is  obvious 
that  the  ore  is  primarily  in  the  form  of  sulphides.  Copper  is  negUgible, 
as  are  also  zinc  and  gold.  Iron,  although  present  in  noteworthy 
amoimts,  is  much  less  conspicuous  than  in  the  deposits  of  the  Texas 
district  to  the  south.  The  relative  amoimts  of  antimony,  arsenic, 
and  bismuth  are  not  known;  neither  is  their  mineralogic  form, 
although  it  is  v(»iy  probable  that  the  first  two  are  combined  with 
silver  as  sulpharseiiite  and  sulphantimouite.  Bismuth  is  not  com- 
mon in  such  deposits  and  it  is  not  possible  to  infer  its  combinations 
with  any  degree  of  certainty. 

Groimd-water  level  occui*s  at  different  elevations  on  opposite 
sides  of  the  granite  porphyry  dikes  which  parallel  the  range  near  its 
base.  That  the  lower  elevation  prevails  on  the  side  toward  the 
Lemhi  Valley  is  obvious  from  the  prevalence  of  springs  at  low  points 
in  the  dikes.  Canyon  C^reek,  which  derives  most  of  its  waters  from 
springs  on  the  upper  side  of  a  granite  porphyry  dike  crossing  the 
canyon  near  its  mouth,  is  a  case  In  point.  West  of  the  dikes  the 
position  of  the  water  table  is  determined  by  the  elevation  of  Lemhi 
Biver  in  the  valley  opposite,  allowing  a  reasonable  gradient  toward 
the  river.  East  of  them  its  level  is  determined  by  the  point  of 
intersection  of  the  adjacent  canyons  and  the  dike. 

Along  the  fault  which  forms  the  hanging  wall  of  the  deposits  near 
Jimction  a  seam  of  very  impervious  clay  gouge  has  protected  the  ores 
from  descending  oxygen-bearing  waters,  so  that  they  in  general 
retain  their  primary  mineralogic  constitution  to  an  extent  uncommon 
above  groimd-water  level  elsewhere  in  the  lead-silver  deposits. 
This  preservation  is  probably  c(mditioned  by  the  flat  attitude  (35° 
dij))  of  the  fault  plane,  although  another  factor  may  be  the  small 
amoimt  of  pyrite  in  the  deposit,  it  having  been  shown  by  experiment 
that  the  presence  of  pyrite  tremendously  facihtates  the  oxidation 
of  lead  sulphide.*  As  the  2  per  cent  of  iron  (principally  pyrite)  in 
the  deposits  is  sufficient  to  afford  considerable  ferric  sulphate,  the 
relative  importance  of  this  factor  is  not  obvious. 

MIXES. 
LEADVILLE  MINE. 

The  Leadville  mine  is  situaled  in  the  southeastern  part  of  Ijcmlii 
County,  3  miles  northeast  from  Junction  and  about  half  a  mile  from 
the  Gilmore  &  Pittsburgh  Railroad,  on  the  margin  of  the  valley  flat 
traversed  by  that  line.  The  proi)erty  was  located  in  June,  1904,  but 
active  development  did  not  commence  until  a  later  year.  Ore  ship- 
ments, which  continued  regularly  until  the  summer  of  1911,  began  in 
February,  1908.     In  the  early  summer  of  191 1  there  was  a  change  of 

I  Buahtar,  H.  A.,  and  Gottaohalk,  V.  H.,  Oxidation  of  lulphidea:  Ecoo.  Geolofy,  vol.  5,  1010,  pp.  28-35. 
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management  and  the  period  since  has  been  principallj  spent  in 
development. 

The  property  is  developed  by  two  tunnels  and  a  shaft  which  reaches 
levels  intermediate  between  them.  The  upper  tunnel  is  500  feet  long, 
starting  from  a  point  above  the  shaft.  The  lower  tunnel  enters  the 
hill  near  the  level  of  the  valley  flat  reaching  the  vein  876  feet  from  the 
portal  and  at  a  depth  on  the  lode  of  510  feet.  The  main  opening  at 
present  is  a  single  compartment  shaft  with  drifts  totaling  900  feet  on 
the  65  and  110  foot  levels. 

Since  1908  the  property  has  produced  about  $75,000  in  lead  and 
silver  bullion. 

The  country  rock  of  the  Leadville  group  comprises  both  later 
Paleozoic  sedimentary  rocks  and  Miocene  lake  beds.  The  older  rocks 
consist  of  limestones,  quartzites,  and  quartzitic  slates  which  strike 
N.  70°-80°  E.  and  dip  35**  SE.,  thus  corresponding  in  attitude  to  the 
veins.  Overlying  these  unconformably  are  the  lake  beds  which 
occupy  the  broad  valley  of  Lemhi  River;  they  are  composed  of 
detrital  material  largely  from  the  hills  adjacent.  As  exposed  at  the 
•surface  and  within  the  mine  the  contact  between  them  and  the  older 
rocks  is  a  fault  plane.  (See  fig.  17.)  That  the  fault  occurs  near  the 
margin  of  the  lake  in  which  the  younger  beds  were  deposited  is 
clearly  shown  by  a  section  along  the  lower  tunnel  of  the  Leadville 
mine.  In  the  outer  part  the  material  is  well  sorted  and  stratified| 
but  within  the  last  200  feet  near  the  fault  it  grades  into  heteroge- 
neously  arranged  and  i)oorly  sorted  fragments,  indicative  of  a  talus- 
like accumulation  near  the  margin  of  the  lake.  Throughout,  the 
material  is  firmly  cemented  and  presents  little  evidence  of  disturbance 
since  its  original  de])osition. 

Greneral  quiescence  since  their  formation  is  recorded  in  the  slightly 
fractured  condition  of  the  ore  bodies,  although  the  limestone  in  which 
they  occur  is  extremely  crushed  for  a  few  feet  next  the  fault.  As 
the  gouge  next  the  lake  beds  contains  fragments  of  ore  and  the  prin- 
cipal brecciation  of  the  limestone  seems  to  be  older  than  the  ore,  it  is 
thought  tliere  have  been  two  periods  of  movement  along  the  vein 
fissure,  one  prior  to  the  ore  deposition  and  the  other  comparatively 
recent. 

A  single  granite  })orphjTy  dike  was  noted,  which  cuts  the  older 
series  and  is  about  parallel  with  it  in  strike  but  stands  more  nearly 
vortical;  others  doubtless  occur. 

The  Leadville  deposits  contain  lead-silver  ore,  remarkably  free 
from  other  metals.  They  occur  as  replacements  in  limestone  along 
the  footwall  of  an  old  fault,  the  hanging  wall  of  which  has  moved 
down  relatively,  bringing  Miocene  sediments  into  juxtaposition  with 
the  ores.  The  thin  seam  of  red  clayey  gouge  accompanying  the 
recent  movement  contains  fragments  of  galena,  especially  in  sections 
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opposite  to  and  below  ore  bodies,  and  although  they  are  in  few  places 
sufficiently  numerous  to  constitute  an  ore,  their  presence  is  con- 
sidered indicative  of  an  ore  body  adjacent  to  and  up  the  fault  from 
the  place  where  they  are  found.  In  general  the  replacement  bodies 
are  tabular  in  outline  and  closely  parallel  to  the  fault  plane  with 
which  they  are  in  many  places  in  contact. 

Two  ore  shoots,  separated  by  about  40  feet  of  barren  crushed  lime- 
stone, are  recognized  in  the  mine.  The  shoots  are  respectively  180 
and  110  feet  long  on  the  1 10-foot  level  and  80  and  60  feet  long  on  the 
65-foot  level,  the  larger  body  being  the  western  or  No.  1  shoot.  Both 
reach  to  the  upper  tunnel  level.  In  No.  1  the  ore  ranges  from  2  inches 
to  2  feet  in  width,  and  in  No.  2  it  ranges  from  scattered  crystals  up  to 
4  feet  of  galena.  No.  2  shoot  differs  from  No.  1  in  being  more  oxi- 
dized, containing  less  lead,  silver,  and  iron,  and  having  an  appre- 
ciable amount  of  antimony,  arsenic,  and  bismuth.  Even  here, 
however,  oxidation  is  inconspicuous. 

Mineralogically  the  ore  is  predominantly  fine-grained  galena  (steel 
galena),  with  pyrite  not  uncommon  and  sphalerite  and  chalcopyrite 
very  rare.  The  mineralogic  form  of  the  antimony,  arsenic,  and 
bismuth  is  not  known,  although  they  may  very  well  be  constituents 
either  of  lead  or  of  silver  minerals.  Limited  amounts  of  cerusite, 
anglesite,  and  limonite  occur  in  the  deposits.  Analyses  of  the  ore 
from  the  two  stopes  appear  on  page  65. 

The  better-grade  ore  gives  a  gross  return  of  $50  to  $65  a  ton. 

OTHEB  PB0PEBTIE8. 

Claims  are  located  for  5  miles  along  the  fault  which  accompanies 
the  Leadville  ores,  but  all  of  them  are  still  in  the  early  prospect  stage. 
Even  though  ore  has  not  been  found  in  commercial  quantities  in  any 
of  these  properties,  their  occurrence  in  a  mineral  belt  and  with  geologic 
relations  analogous  to  those  prevailing  at  a  near-by  producing  prop- 
erty should  encourage  a  reasonable  amount  of  exploration.  Claims 
are  also  situated  on  Little  Eight  mile  (Vcek,  where,  although  large  ore 
bodies  have  not  been  found,  the  general  relations  are  such  as  to 
justify  careful  prospecting  and  a  reasona])lo  amount  of  exploration. 

McDEVITT  DISTRICT. 
GENERAL  FEATURES. 

The  McDevitt  district,  the  only  organized  mining  district  in  I^emhi 
County,  lies  about  20  miles  southeast  of  Salmon.  It  embraces  a 
section  across  the  Lemlii  Valley  from  the  crest  of  Lemlii  Range 
northeast  to  the  sunmiit  of  the  Continental  Divide,  and  extends  from 
Haynes  Creek  17  miles  southeast  to  Reese  Creek.  Tlie  Gilmore  & 
Pittsburgh  Railroad  and  an  excellent  wagon  road  traverse  the  dis- 
trict along  the  Lemhi  Valley.    The  old  stage  line  from  Red  Rock, 
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Mont.,  to  Salmon  enters  near  the  head  of  Agency  Creek,  the  principal 
tributary  to  Lemhi  River  from  the  northeast. 

The  district  includes  the  Lemhi  Indian  Reservation,  which  was 
thrown  open  to  mineral  entry  July  15,  1909.  Inmiediately  after  its 
opening  about  35  claims  were  staked,  principally  along  McDevitt 
Creek.  The  only  property  that  has  produced,  however,  is  just  beyond 
the  reservation  boundary  to  the  northeast,  and  is  a  mine — the  C-opper 
Queen — ^which  was  located  in  April,  1888,  and  has  been  operated 
intermittently  since  1905.  The  total  production  of  the  district  is 
probably  a  little  less  than  $100,000. 

TOPOGRAPHY. 

The  mountain  slopes,  which  rise  from  the  margins  of  the  broad 
valley  of  Lemhi  River,  attain  within  short  distances  heights  of  8,000 
to  9,000  feet  above  sea  level,  or  2,000  to  3,000  feet  above  the  valley. 
The  streams  tributary  to  Lemhi  River  occupy  deep  narrow  gorges 
in  the  mountains,  but  on  reaching  the  lowlands  they  follow  com- 
paratively shallow  open  depressions.  Of  these  streams,  Payette, 
Agency,  and  Ycarian  creeks  enter  from  the  northeast  and  Haynes, 
Baldy,  McDevitt,  Muddy,  and  Hayden  creeks  from  the  southwest. 

GEOLOGY. 

The  sedimentary  rocks  of  the  district  are  of  Algonkian,  late  Paleo- 
zoic, and  Miocene  age.  The  contact  between  the  two  older  formations 
extends  in  a  northeast-southwest  direction  and  lies  between  Yearian 
and  Agency  creeks,  although  its  exact  position  was  not  determined. 
To  the  southwest  the  contact  is  probably  concealed  by  the  broad 
belt  of  late  Tertiary  lavas  which  extend  in  that  direction.  The 
Miocene  beds  occupy  the  Lemhi  Valley  and  extend  up  its  sides  to  an 
elevation  of  about  7,000  feet. 

The  Algonkian  rocks  consist  of  greatly  fractured  massive  dark 
siliceous  slates  and  gray  quartzites,  which  are  readily  distinguishable 
from  the  limestone,  white  quartzites,  and  thinly  cleavable  slates  of 
the  Paleozoic.  Presumably  the  Algonkian  and  the  Paleozoic  are 
separated  by  a  strong  structural  unconformity,  although  the  expo- 
sures visited  did  not  afford  definite  evidence  to  that  effect.  Each  is 
highly  tilted,  the  dip  varying  markedly  from  place  to  place,  both  in 
direction  and  angle.  In  general,  however,  the  dips  seem  to  be  30®  to 
50**  W.  The  lake  beds  are  made  up  of  stratified  gravels,  sands,  and 
clays,  the  first  being  most  pronounced  near  the  margins  of  the  basin 
in  which  they  lie,  and  the  last  conspicuous  in  the  bluffs  along  Lemhi 
River.  Intermixed  with  the  clastic  material,  though  in  places  occur- 
ring in  fairly  pure  bands,  is  volcanic  tuff.  The  thickness  of  the  lake 
beds  is  not  definitely  known,  but  they  are  probably  to  be  measured 
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in  hundreds,  perhaps  thousands,  of  feet,  if  the  interpretation  of  con- 
ditions existing  during  their  formation,  as  outlined  on  page  36,  is 
correct. 

Basalts  and  rhyolites  are  widely  distributed  throughout  the  dis- 
trict, and  along  Agency  Creek  dikes  of  similar  composition  were  noted. 
Because  of  lack  of  time  the  boundaries  of  the  lavas  were  determined 
in  only  a  general  way.  From  the  head  of  Agency  Creek  they  extend 
in  a  southwesterly  direction  across  the  Lemhi  Valley  and  are  dis- 
tributed along  the  east  face  of  the  Lemhi  Range  throughout  the 
entire  length  of  the  district.  From  the  aspect  of  the  topography 
high  up  on  that  range,  it  is  thought  that  they  cross  the  summit  in 
places,  possibly  connecting  beyond  with  the  lavas  along  Salmon  River. 
The  two  types  of  eruptives  may  be  readily  distinguished,  for  the 
basalts  are  fine-grained  bluish-black  rocks,  in  many  places  rusty  on 
weathered  surfaces,  whereas  the  rhyolites  present  various  shades  of 
gray,  commonly  with  conspicuous  flow  lines. 

That  the  lavas  are  very  young  is  suggested  by  their  generally  well- 
preserved  vesicular  structure,  and  confirmed  by  their  occurrence  aa 
caps  on  some  of  the  intermediate  terraces  developed  in  the  Miocene 
lake  beds  by  I^mhi  River. 

ORE   DEPOSITS. 

Mineral  locations  in  the  district  are  largely  grouped  about  the 
headwaters  of  Agency  Creek  and  along  McDevitt  Creek.  Only  those 
about  the  former,  which  include  the  Copper  Queen  mine,  were  visited. 
The  Copper  Queen  is  the  only  property  developed  beyond  the  eariy 
prospect  stage. 

COPPER   QUEEN   MINE. 

The  Copper  Queen  Gold  Mining  Co.  holds  a  group  of  12  claims  on 
the  south  fork  of  Agency  Creek,  3  miles  west  of  the  Idaho-Montana 
line.  The  property  was  located  in  April,  1SS3,  by  F.  B.  Sharkey  and 
George  Chamberlin,  but  was  not  operated  until  leased  in  1905  and 
1906.  In  the  latter  part  of  1906  it  was  secured  by  a  Duluth  company, 
which  sank  a  400-foot  shaft  and  did  considerable  drifting  on  the  120, 
200,  and  400  foot  levels.  Tliis  work  and  four  little  tunnels  which 
enter  the  hill  on  the  opposite  side  of  the  gulch  at  vertical  intervals  of 
about  100  feet,  give  a  total  of  perhaps  2,500  feet  of  development. 

The  production  consists  of  4S0  ounces  of  <xold  secured  with  a 
5-stamp  niiU  and  the  returns  from  18  curs  which  averaged  28.3  per 
cent  of  copper  and  6  ounces  of  silver  and  S24.75  in  gold  to  the  ton. 
In  addition  to  these  amounts  some  gold  w:is  extracted  during  the 
early  days  of  prospecting,  perhaps  sufficient  to  raise  the  total  pro- 
duction to  $100,000. 

The  property  has  been  recently  acquireil  by  the  present  owners, 
who  purpose  to  put  in  a  concentrating  mill  and  work  the  lower-grade 
ore  wbicb  remains  in  many  of  the  old  stopi^s. 
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The  veins  ate  inclosed  in  quartzites  and  quartzitic  slates,  which, 
though  varying  widely  in  places,  in  general  seem  to  strike  about  N. 
70°  E.  and  dip  40^-70°  NW.  The  principal  vein  follows  approxi- 
mately the  indosing  rock  in  strike  but  is  said  to  be  independent  of 
it  in  dip.  Above  a  point  152  feet  below  the  surface  (level  of  water 
at  time  of  visit),  the  vein  dips  40^-70®  NW.,  but  below  it  bends  back, 
dipping  steeply  southeast.  The  vein  is  from  a  few  inches  to  9  or  10 
feet  wide,  averaging  about  3^  feet  where  it  has  been  stoped.  The 
walls  are  sharply  defined  and  the  hanging  is  very  regular,  although 
the  opposite  side  presents  many  swells  and  hollows.  Included  in  the 
quartz  are  many  fragments  of  wall  rock,  some  of  them  slabs  several 
feet  in  length. 

The  gangue  is  a  white,  coarsely  crystalline  quartz,  in  places  gran- 
ular in  appearance  and  in  places  containing  a  sparse  intermixture  of 
small  bunches  of  calcite.  Metallic  minerals  arc  distributed  through 
the  gangue  without  apparent  regularity,  in  some  places  the  quartz 
being  free  from  metallization  and  in  others  the  ore  minerals  predomi- 
nating. Important  among  the  ore  minerals  are  bomite,  a  little  chal- 
copyrite,  chalcocite,  specks  of  free  gold,  in  a  few  spots  a  little  cuprite, 
and  at  the  surface  much  malachite  and  a  little  azurite.  The  chalco- 
pyrite  is  clearly  primary  and  in  places  the  manner  in  which  the 
bomite  is  included  in  the  quartz  suggests  that  it  also  may  be  primary, 
but  so  general  is  the  oxidation  throughout  the  accessible  workings 
that  this  can  not  be  certainly  determined. 

The  better  ore  occurs  in  irregular  shoots,  which  vary  markedly  in 
richness  from  place  to  place.  In  the  past  only  the  richer  portions 
have  been  worked,  but  it  is  now  planned  to  handle  the  considerable 
tonnage  of  intermediate  grade  which  bounds  the  old  stopes. 

PRATT  CHEEK  DISTRICT. 

The  Pratt  Creek  district  lies  15  miles  southeast  of  Salmon,  about 
the  headwaters  of  Wimpey  and  Pratt  creeks.  It  includes  a  belt 
some  6  miles  wide,  extending  from  Ijcmhi  River  northeastward  to  the 
base  of  the  moimtains,  and  thence  up  their  rugged  slopes  to  the  crest 
of  the  Beaverhead  Mountains,  the  elevation  in  the  last  5  miles 
increasing  about  4,000  feet. 

The  geology  is  simple.  Miocene  lake  beds  occupy  the  lowland  up 
to  6,500  feet,  above  which  are  Algonkian  sedimentary  rocks.  The 
older  rocks  strike  a  few  degrees  west  of  north  and  dip  from  10°  to 
85®  W.,  conmionly  45°  to  50°  W.  As  seen  near  the  mouth  of  Pratt 
Creek  canyon  in  a  vertical  face  possibly  700  feet  high,  the  series  is 
made  up  of  alternating  layers  of  quartzites,  quartzitic  slateSi  and  some 
schists,  each  in  beds  from  1  foot  to  6  feet  thick.  Traversing  these 
are  a  few  bands  of  basic  diorite,  nowhere  well  exposed,  but  to  judge 
from  the  distribution  of  float,  locally  more  than  100  feet  thick. 
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Mmeral  locations  in  the  district  comprise  one  mine  and  a  few 
imdeveloped  prospects.  As  the  deposits  visited  showed  similar 
structure  and  composition,  it  will  suffice  to  describe  the  Goldsmith 
mine.  Mention  should  be  made,  however,  of  the  Dark  Horse  prop- 
erty, situated  2  miles  north  of  the  Ooldstone  mine  on  the  Montana 
side  of  the  divide.  Here  about  4,000  feet  of  work  has  been  done, 
though  little  ore  has  been  developed.  Some  2,400  feet  of  the  work 
consists  of  a  rock  tunnel,  not  yet  completed,  through  the  divide  from 
Montana  to  Idaho.  Tlie  purpose  of  the  tunnel,  it  is  said,  is  to  afford 
means  for  marketing  ore  at  Baker,  Idaho. 

The  Groldstone  mine,  now  owned  by  the  Climax  Qold  Mining  & 
Milling  Co.,  is  situated  on  Pratt  Creek  1  mile  west  of  the  Idaho- 
Montana  line,  at  an  elevation  of  about  9,200  feet  above  sea  level 
Baker,  Idaho,  12  miles  distant,  is  the  supply  point.  The  property 
was  located  in  the  early  nineties  and  has  changed  hands  several  times. 
In  1896  and  1897  a  lO-stan^p  mill  was  erected  and  has  treated  per- 
haps 1,000  tons  of  ore.  Development  consists  of  a  235-foot  shaft 
and  about  3,000  feet  of  tunneling. 

The  vein,  inclosed  in  chloritic  schist  and  quartzite,  strikes  N.  62^ 
W.  and  dips  TS^'-SS*'  NE.  The  hanging  wall  is  sharply  defined,  but 
many  stringers  of  vein  matter  extend  into  the  footwall.  The  vein 
is  a  quartz  filling  from  a  few  inches  up  to  4  feet  in  width  and  locally 
includes  many  fragments  of  wall  rock.  Scattered  through  the  quartz 
are  chalcopyrite,  its  oxidation  products,  and  galena.  Oold,  for  which 
the  property  is  held,  is  said  to  vary  directly  with  the  percentage  of 
copper  in  the  ore. 

ELDORADO  DISTRICT. 

arruATiON. 

The  Eldorado  district  lies  about  9  miles  cast  of  Salmon  and  in- 
cludes a  short  section  of  the  western  slope  of  the  Continental  Divide 
and  the  adjacent  part  of  the  Lemhi  Vivlley.  It  is  named  after  the 
Eldorado  mine,  a  property  of  local  prominence  about  30  years  ago. 
Interest  in  the  area  centers,  however,  about  the  placers  of  Bohannon 
Bar,  which  wore  worked  in  the  early  days  by  Chinamen  and  which 
have  fuinishod  by  far  the  larger  part  of  the  $400,000  credited  to  the 
district  as  a  whole. 

TOPOGRAPHY. 

The  district  embraces  a  belt  of  country  about  6  miles  wide  extend- 
ing northeastward  from  Lemhi  River  to  the  crest  of  the  Continental 
Divide.  From  the  river,  at  an  elevation  of  4,500  feet,  the  surface 
rises  gently  for  the  first  6  miles,  beyond  wliich  precipitous  slopes  lead 
to  the  crest  of  the  range,  9,500  feet  above  sea  level.  The  principal 
streams  are  Geertson  and  Bohannon  creeks,  which  flow  in  deep 
narrow  canyons  in  their  upper  parts  but  occupy  broad  open  valleys  as 
they  cross  the  lowlands  to  their  junctions  with  Lemhi  River. 
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OEOLOOY. 

The  older  sedimentary  rocks  are  Algonkian  schists,  quartzitic 
slates,  and  quartzites.  In  general  they  strike  a  little  west  of  north 
and  dip  west.  Overlying  these  strata  in  the  southwestern  half  of  the 
district  are  thick  Miocene  lake  beds  composed  of  detrital  material 
from  the  near-by  mountains.  In  general  the  lake  beds  are  distinctly 
stratified,  and  in  the  floors  of  shallow  valleys  cut  in  them  are  long 
tongues  of  gravel  washed  down  by  Geertson  and  Bohannon  creeks. 
It  is  in  the  gravel  beds  that  the  placer  gold  is  found. 

Many  bowlders  of  a  dark-gray  fino-grained  igneous  rock  appear 
along  Geertson  Creek.  In  thin  sections  of  this  rock  small  orthoclase 
and  hornblende  crystals  are  visible  in  almost  equal  amounts.  A 
little  micropegmatite  is  present,  and  there  is  a  slightly  phenocrystic 
development  of  quartz.  The  rock  is  classed  as  a  quartz-bearing 
vogesite. 

VEIN   DEPOSITS. 

The  Eldorado  and  Ranger  are  the  principal  vein  deposits.  Both 
are  situated  on  the  mountain  slope  at  elevations  of  about  8,800  feot. 
Only  the  Ranger  mine  was  visited,  but  ore  from  the  Eldorado  mine, 
seen  along  the  old  tram  line,  is  in  every  respect  similar.  The  Ranger 
vein  occurs  along  a  shear  zone  whose  firm  walls  are  generally  about 
5  feet  apart.  Between  them  gouge  and  brecciated  country  rock 
include  lenses,  stringers,  and  irregular  bodies  of  quartz.  Scattered 
through  the  vein  material  are  pyrite,  chalcopyrite,  and  rarely  a  little 
galena,  together  with  their  oxidation  products,  with  here  and  there 
a  speck  of  native  gold. 

The  properties  were  worked  many  years  ago,  the  ores  being  treated 
in  a  20-stamp  mill  situated  a  short  distance  down  the  canyon.  The 
production  was  probably  moderate. 

PLACER  DEPOsrrs. 

The  important  placer  of  the  district  is  Bohannon  Bar.  It  includes 
a  narrow  belt  along  Bohannon  Creek,  between  the  base  of  the  moun- 
tains and  Lemhi  River.  The  bar  was  worked  by  Chinamen  as  far 
back  as  the  early  seventies,  but  not  until  acquired  by  the  present 
owners  in  1895  did  its  active  development  begin.  Since  then  about 
150  acres  have  been  washed.  Water  is  gathered  from  several  can- 
yons along  the  range  and  stored  in  a  large  reservoir,  thus  affording 
an  abundant  supply  for  operating  a  6-inch  giant. 

The  auriferous  gravels  occur  in  three  benches  and  range  in  thickness 
up  to  14  feet  south  of  the  creek  and  31  feet  north  of  it.  The  two  lower 
benches  have  furnished  most  of  the  production,  although  at  present 
the  rim  of  the  upper  one  is  being  worked.  The  deposit  consists  of 
round  bowlders,  generally  less  than  a  foot  in  diameter,  with  sand  and 
gravels  loosely  filling  the  interstices. 
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The  bedrock  is  an  even  floor  cut  across  rather  sharply  tilted  shales, 
sandstones,  and  conglomerates  of  Miocene  age  which  dip  22^  NE. 
The  5  feet  of  gravel  lying  directly  above  bedrock  cany  most  of  the 
gold,  the  lower  18  inches  being  the  more  productive.  The  gold  is 
worth  about  $18.60  an  oimce  and  occurs  as  coarse  flakes,  fine  grains, 
and  rarely  as  small  nuggets.  It  is  claimed  that  on  a  broad  average 
the  ground  runs  about  13}  cents  a  yard,  although  some  pits  give  as 
high  as  23  and  25  cents.  The  total  production  of  the  placers  is  said 
to  be  about  $350,000.  the  present  annual  output  varying  from  $15,000 
to  $20,000. 

KIBTIiET  CBBEK  BISTBICT. 

GENERAL  FEATURES. 

The  Kirtley  Creek  district  lies  a  few  miles  east  of  Salmon,  between 
the  Eldorado  district  on  the  south  and  the  Carmen  Creek  district  on 
the  north.  It  includes  a  strip  of  country  5  or  6  miles  wide,  extending 
from  I^emhi  River  northeastward  across  the  lowlands  to  the  base  of 
the  mountains  and  thence  up  their  rugged  slope  to  the  summit. 
Kirtley  Creek,  a  tributary  to  Ijemlii  River,  3  miles  above  Salmon, 
drains  the  area.  Placers  long  known  along  its  lower  course  have 
recently  attracted  serious  attention,  and  lode  deposits  at  its  head 
have  produced  some  bullion. 

The  formations  are  similar  to  those  in  the  Eldorailo  district  (see 
p.  122),  and  hence  will  not  be  described  again  here. 

LODE  DEPOsrrs. 

The  White  Horse  mine  is  situated  at  an  elevation  of  9,100  feet  on 
the  north  side  of  the  large  cirque  at  the  head  of  Kirtley  Canyon.  It 
was  located  in  1899  and  worked  by  an  arrastre  for  three  years  follow- 
ing, when  a  5-stamp  mill  was  built.  The  recovery  from  the  early 
treatment  is  not  kno^^Ti,  but  about  900  tons  of  ore  averaging  $45  a 
ton  in  gold  are  said  to  have  been  reduced  by  the  mill. 

The  vein  is  very  similar  to  the  Ranger  vein  of  the  Eldorado  district 
and  may,  indeed,  be  its  northward  continuation,  for  the  two  are  in 
line  and  only  half  a  mile  apart.  The  vein  strikes  north  and  south 
and  dips  35*^-40**  W.,  for  short  distances  up  to  85**  W.  Jumps  from 
one  set  of  fractures  to  another  and  rolls  give  local  variations  to 
the  east.  The  vein  is  very  irregular  in  width,  in  few  places  reaching 
more  than  15  inches  in  a  clean  band.  In  places,  however,  as  much  as 
3  feet  of  quartz  appears  distributed  through  a  face  of  7  or  more  feet 
wide.  The  quartz  is  coarse  textured,  and  scattered  through  it  in 
bunchy  arrangement  are  pyrite  and  chalcopyrite  and  a  Uttle  galena. 
In  the  ores  now  worked  the  oxidation  products  of  these  minerals,  to- 
gether with  a  few  specks  of  free  gold,  constitute  the  principal  minerals. 
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The  same  vein  appears  in  the  head  of  the  cirque  on  the  Smith  claims 
and  in  the  south  wall  of  the  cirque  on  the  Confidence  claim,  and  south- 
ward it  may  continue  as  the  Ranger  vein,  Eldorado  district. 

PLAGEB  DEPOSrrS. 

Placers,  worked  on  Kirtley  Creek  from  1890  to  1894,  were  aban- 
doned until  the  spring  of  1910,  when  a  CaUfomia  dredging  company 
took  an  option  on  the  ground  and  had  it  carefully  prospected.  As  a 
result  about  400  acres  of  placer  ground,  of  sufficient  value  to  warrant 
the  installation  of  a  dredge,  has  been  developed;  and  a  dredge  of  9 
cubic  feet  capacity  is  now  in  course  of  construction.  The  deposits  are 
recent  gravels  along  Kirtley  Creek  and  extend  for  5  miles  below  the 
mouth  of  the  canyon.  Some  gold  has  also  been  found  in  the  Miocene 
lake  beds  near  their  junction  with  the  mountain  slope,  but  the  attempt 
to  work  these  where  they  appear  in  the  valley  sides  above  the  younger 
deposits  was  soon  abandoned.  The  lower  (younger)  bed  averages 
about  17  feet  in  thickness  and  is  made  up  of  waterworn  bowlders  and 
pebbles  of  quartzite,  slate,  and  schist,  in  most  places  loosely  cemented 
by  sand  and  clay.  The  bowlders  range  up  to  12  inches  in  diameter, 
rarely  to  as  much  as  2  feet.  In  the  upper  end  of  the  deposit  gold  is 
confined  to  bedrock  and  the  first  8  inches  above  it,  but  farther  down 
the  valley  it  is  distributed  through  the  lower  6  or  8  feet.  Even  here, 
however,  the  greater  amount  is  next  the  bedrock.  The  gold  is  of  the 
size  of  shot  in  the  upper  part  of  the  basin  but  grades  into  flake  gold 
below.    Very  rarely  nuggets  up  to  75  cents  in  value  have  been  found. 

CABMEN    CREEK    DISTRICT. 
GENERAL  FEATURES. 

The  Carmen  Creek  mining  district  comprises  an  unorganized  area 
around  the  headwaters  of  the  creek  whose  name  it  bears.  Salmon, 
about  15  miles  southwest,  is  the  nearast  railroad  and  supply  point. 
The  history  of  the  district  is  essentially  the  history  of  Oro  Cache  mine, 
this  being  the  only  property  which  has  produced  an  important  amount 
of  buUion.  The  Oro  Cache  mine  was  opened  about  1897.  A  10-stamp 
mill  erected  shortly  thereafter  was  operated  intermittently  for  some 
years,  the  last  run  being  made  in  1907.  In  the  spring  of  1910  a  small 
Ford  quartz  mill  was  installed  at  the  Carmen  (Veek  property,  located 
in  1904,  on  the  north  brunch  of  Carmen  Creek,  but  only  a  small 
amount  of  bullion  has  been  produced.  The  other  claims  in  the  dis- 
trict are  in  an  early  prospect  stage. 

GEOLOGY. 

The  Carmen  Creek  district  is  situated  on  the  rugged  western  slope 
of  the  range  forming  the  Beaverhead  Mountains.     Deep,  narrow 
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canyons  separated  by  rough,  serrate  ridges  make  the  upper  reaches 
of  the  area  ahnost  inaccessible,  but  its  lower  part  merges  into  the 
Salmon  Eiver  Valley  and  is  in  many  places  suitable  for  agriculture. 

The  district  is  well  within  the  area  of  Algonkian  schists  and  quaitz- 
itps,  which  here  strike  N.  20°-55''  W.,  and  generally  dip  west  at 
angles  higher  than  45",  although  showing  local  variations  to  the  east. 
Intricate  jointing  and  advanced  iiietamor})hiiim  characterize  the 
rocks.  Igneous  material  was  not  seen  in  the  district,  but  a  few  miles 
north  at  the  head  of  Boyle  Creek  outcrops  of  granite  are  reported. 

ORE   UEP08IT8. 

Two  types  of  deposits  occur  in  the  district — gold-quartz  veins  in 
quartzite  and  gold-copper  replacement  deposits  along  shear  zones  in 
schist.  The  Oro  Cache  deposit  represents  the  former  and  the  Carmoa 
Creek  mine  the  latter  type. 

OBO  C40KB  VUV. 

The  Oro  Cache  vein  occurs  near 
the  eastern  margin  of  the  district 
at  an  elevation  of  8,200  feet.  It 
is  developed  by  nine   tunnels  di»- 

z , £  ■  ■  '?. i"**"  tiibuted  up  the  mountain  side.    The 

Fiou«i8.-croH  section  of  Oro  Cache       lowost  and  dccpost  tunuel  is  700  feet 

vPln,  (^armeii  (."rwk  dblrict,  from  ftc-  i  .1  1  •        1    1  .1         #    .i 

PBiireabavBiowfriimBBi;  showing       long;  t^o  combincd  length  of  the 
■icpresaion  at  oiiicrop.  othcrB  is  aboiit  2,800  feet. 

The  vein,  which  Ls  inclosed  in  massive  fine-grained  argillaceous 
quartzite,  strikes  N.  65°  E.  and  dips  67°  NW.  It  is  fairly  constant 
in  width,  averaging  about  4  feet,  and  has  well-defined  walls.  (See 
fig.  18.)  That  the  vein  follows  a  fault  is  shown  by  a  gouge  seam 
about  8  inches  wide  which  occurs  along  the  hanging  widl  and  includes 
many  subangular  fragments  of  (juartzito,  evidently  shaped  by  faulting 
movements.  In  general  but  litUo  primary  ore  has  been  encountered. 
A  specimen  secured  from  a  protected  jwckct,  however,  consists  of 
pyrito  and  a  iittlo  chdcopyrite,  galena,  and  sphalerite.  In  hand 
specimens  the  metallic  minerals  are  irregularly  scattered  through 
pale-lilue  coarsely  crystalline  (luartz,  but  in  the  vein  they  present  a 
roughly  banded  arrangement  parallel  to  the  walls.  The  altered 
IK)rti()us  of  the  deposit  arc  very  abundantly  stained  by  manganese. 
In  some  places  lenticular  openings  aro  lined  by  small  ({uortz  crystals 
which  stand  perjtendicular  to  their  walls;  again,  similar  openings  are 
largely  filled  by  pyrite.  Ahout  4,000  tons  of  ore,  averaging  S8  a  ton, 
are  said  to  be  blocked  out  in  the  mine. 
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OAXMEM  OmnK  OEt  DBPOBIT. 

The  Carmen  Creek  ore  deposit,  which  crosses  the  north  branch  of 
Carmen  Creek  at  an  elevation  of  6,900  feet,  strikes  N.  55°  W.  and 
dips  70°  SW.  In  general  outline  the  deposit  is  tabular,  suggesting  a 
vein,  but  owing  to  its  internal  make-up  it  may  best  be  designated  a 
replacement  deposit  along  a  shear  zone  in  schist.  The  inclosing  for- 
mation, which  is  of  sedimentary  origin  and  intensely  metamorphosed 
to  quartzite  and  mica  schist,  seems  to  correspond  in  strike  and  dip 
with  the  ore  body.     (See  fig.  19.) 

The  ore  occurs  as  lenses  of  quartz  distributed  through  a  band  of 
schist  8  to  15  feet  wide,  in  amounts  sufficient  to  constitute  about 
one-third  of  the  total  width.  Much  of  the  schist  itself  is  mineralized. 
In  addition  to  the  metallic  mmerals,  actmohte  and  magnetite  are 
rather  widely  developed  green  epidote  is  lesb  tommou  Much 
of  the  vein  quartz  includes  mag 
netite,  but  actinolite  and  epidote 
seem  to  be  confined  to  the  schist 
material  adjacent  to  the  quartz 
filling.  The  metallic  mmOTals  are 
laigdy  contained  m  the  quartz, 
and  consist  of  pyrite  and  chalco 
pyrite,  the  former  generally  altered 
to  limonite  and  the  latter  to  bor 
nite  and  malachite,  with  a  httle  ; 
chalcocite,  and  very  little  azurite. 
Free  gold  and  some  horn  silver  occur 

in  cavities  and  along  fracture  planes  in  tlie  secondary  ore.     Man- 
ganese stains  are  abundant. 

AGS  AXD  OBKESIS. 

From  analogy  with  other  deposits  in  the  area  it  is  beheved  that  the 
veins  are  of  late  Cretaceous  or  early  Eocene  age.  That  they  were 
formed  at  a  great  depth  and  under  intense  heat  and  pressure  is  shown 
by  the  development  of  magnetite,  actinohte,  and  epidote  in  the  Car- 
men Creek  ores,  minerals  which  when  associated  with  each  other 
indicate  deposition  under  high  temperature  and  pressure.  Although 
igneous  rock  is  not  known  closer  than  several  miles,  thw  deposit  is 
strongly  suggestive  of  its  pro.\unity,  though  probably  not  j'et  exposed 
by  erosion. 

aiBBON8VIIJ.E  DISTRICT. 

SITUATION    AND   ACCESS. 

The  Gibbonsville  district  comprises  the  northern  half  of  the  terri- 
tory drained  by  North  Fork  of  Salmon  River.  It  lies  in  the  north- 
ward-pointing elbow  of  the  Idaho-Montana  line  that  ia  conspicuous 
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on  maps  of  the  State.  The  district  is  readily  reached  by  wagon  road 
from  Sahnon,  30  miles  south,  and  less  easily  from  Pioneer,  Montby 
about  20  miles  east.  A  trail  crosses  the  mountains  into  the  Bitte- 
root  Valley  to  the  northwest. 

The  town  of  Gibbonsville  is  a  small  settlement  with  store  and  poik 
office ;  reached  triweekly  by  stage  from  Salmon.  It  is  the  only  tows 
in  the  district.     (See  PI.  XVII.) 

HISTORY   AND   PRODUCTION. 

Placers  were  discovered  on  Anderson  Creek  in  1877^  and  although  BOl 
very  productive  their  presence  led  to  the  location  of  gold^beariqff 
veins  in  September  of  that  year.  During  the  fall  one  arrastre  wif 
built,  and  the  next  year  two  were  added.  By  this  means  of  treaif 
ment  $20  to  $30  per  ton  was  saved.  Early  in  1881  most  of  the  pni* 
ducing  mines  were  sold  to  an  English  company,  which  later  wmi 
into  liquidation  and  sold  the  properties  to  Adelbert  Ames,  of  New  Y(  *'" 
who  operated  them  for  a  number  of  years.  After  changing 
several  times  the  American  Development,  Mining  &  Reduction 
purchased  the  principal  group  and  in  1895  erected  a  SO-stamp 
with  accessory  cyanide  and  chlorination  plants.  This  company  o] 
ated  until  March  20,  1898,  when  it  also  became  insolvent,  the 
and  others  operating  the  property  intermittently  until  July,  II 
when  the  American  Development,  Mining  &  Reduction  Co. 
control. 

The  district  received  a  decided  setback  in  the  fall  of  1 907  from 
destruction  by  fire  of  the  principal  reduction  plant.  Since  then  tii 
or  three  small  stamp  mills,  which  during  the  activity  of  the  lai||| 
plant  were  mostly  idle,  have  treated  the  ores  of  the  camp.  „ 

As  is  commonly  the  case  whore  gold  ore  is  treated  locally  byi 
number  of  companies  operating  tlirough  a  period  of  years,  the  ptth 
duction  is  not  accurately  known,  l^luch  of  the  ore  milled  has  ooih 
tained  from  $20  to  $50  in  gold  per  ton,  but  of  this  possibly  less  thii 
70  per  cent  has  been  recovered.  From  the  large  tonnage,  howertti 
it  is  believed  that  the  current  estimate  of  $2,000,000  for  the  prodw» 
tion  of  the  district  is  not  unreasonable. 

TOPOGRAPHY. 

The  Gibbonsville  district  occupies  a  broad  mountainous  amphir 
theater-like  basin,  circled  on  the  north,  east,  and  west  by  the  moV 
tain  range  which  forms  the  Idaho-Montana  boundary.     The  bafli 
opens  to  the  south  and  is  drained  and  deeply  carved  by  the  sev«nl- 
streams  which  unite  to  form  North  Fork  of  Salmon  River.     Alt 
slopes  are  rather  less  precipitous  than  in  the  more  mountainous 
of  Lemhi  County,  abrupt  changes  in  elevation  between  4,500 
7,000  feet  are  common.    The  mountain  slopes  are  clad  with  a 
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grovTth  of  grasses  and  small  shrubs,  above  which  rises  a  forest  of 
medium-sized  evergreen  trees.  This  growth  conserves  the  winter's 
supply  of  moisture,  so  that  the  streams  live  throughout  the  year, 
affording  abundant  water  for  milling  and  power  purposes. 

GEOLOGY. 

The  predominant  rock  formation  is  made  up  of  a  great  succession 
of  quartziteSy  quartzitic  slates,  and  micaceous  slates  which  strike 
about  20°  W.  and  most  of  which  dip  40°  to  70°  E.  Micaceous  slates 
constitute  perhaps  three-fourths  of  the  series;  next  in  importance  are 
quartzitic  slates;  and  very  subordinate  in  amount  are  quartzites. 
The  series  is  thin  bedded  throughout,  and  the  different  kinds  of  rock 
follow  each  other  in  monotonous  succession. 

A  belt  of  igneous  rock,  about  100  feet  wide  and  probably  to  be 
classed  as  a  basic  diorite,  extends  north  and  south  through  Gibbons- 
viUe.  It  corresponds  in  strike  and  apparently  agrees  in  dip  with  the 
bedding  of  the  sedimentary  rocks.  Small  dikes  of  a  similar  rock 
noted  in  the  American  Development,  Mining  &  Reduction  Co.'s  mine, 
together  with  the  coarse  texture  of  the  larger  body,  suggest  that  the 
latter  is  of  intrusive  origin,  and  the  extensive  development  of  schis- 
tosity  in  it  may  indicate  that  it  ha§  passed  through  the  period  of 
metamorphism  which  altered  the  Algonkian  sediments.  Thus  it  is 
thought  that  the  dioritic  intrusion,  occurring  both  as  a  sill  and  as 
dikes,  is  very  old,  possibly  pre-Cambrian.  More  recent  igneous 
activity  is  represented  by  the  andesite,  which  occupies  many  of  the 
hilltops  and  higher  slopes  west  of  Gibbonsville. 

Faulting  is  extensive  in  the  area  and  has  proved  a  serious  handicap 
to  the  profitable  exploitation  of  the  deposit.  Many  faults  are  of  the 
type  commonly  designated  reverse,  but  enough  are  of  the  normal  type 
to  make  a  general  rule  for  the  miner  of  little  value.  Most  of  the  dis- 
placements thus  far  encountered  have  offset  the  vein  less  than  50 
feet.     (See  fig.  20.) 

ORE    DEPOSITS. 

The  ore  depositn  at  Gibbonsville  occur  in  narrow  east-west  veins. 
Eight  or  ten  have  jnelded  a  total  of  $2,000,000  in  gold,  and  fifteen  or 
twenty  more  have  afforded  reasonable  encoiu'agement  to  the  pros- 
pector. Some  of  the  veins  dip  north  and  others  south,  both  at  high 
angles,  usually  more  than  70°.  Most  of  them  are  narrow  fissiu'es, 
averaging  less  than  a  foot  in  width,  though  some  arc  5  or  6  feet  wide, 
as  on  the  Twin  Brothers  property.  The  gangue  is  coarse  clear-white 
quartz,  in  places  heavily  impregnated  by  pyrite,  which  occurs  as 
scattered  cubes,  fine-grained  masses,  irregular  blotches  with  quartz 
intermixed,  and  patches  of  coarse  crystal  aggr^ates.  In  general  the 
pyrite  has  a  crude  zonal  arrangement  parallel  to  the  vein  walls, 

74423°— Bull.  528—13 ^9 
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although  it  varies  markedly  from  place  to  place,  both  In  arrangement 
and  in  amomit.  There  are  all  gradations,  from  ledge  matter  predomi- 
nantly pyrite  to  that  exclusively  quartz.  Here  and  there  calcite 
appears  in  the  gangue  and  in  places  chalcopyrite  is  found,  in  places 
in  amounts  sufficient  to  appreciably  interfere  with  normal  cyanide 
treatment.  In  the  primary  ores  the  gold,  which  in  different  proper- 
ties averages  from  $10  to  $40  per  ton,  varies  directly  with  the  pyrite, 
and  as  only  40  per  cent  of  the  gold  yields  to  amalgamation  it  is 
probably  included  in  the  pyrite. 

The  limit  of  predommant  oxidation  in  the  district  has  in  few  places 
been  found  to  exceed  150  feet  and  in  many  is  less.  If  ground-water 
level  be  defined  as  the  horizon  at  which  water  stands  in  a  shaft 
throughout  the  year,  it  is  probable  that  the  deposits  are  oxidized 
considerably  below  the  average  ground-water  level  in  this  district. 
This,  however,  is  a  normal  relation,  for  the  ore  deposits  are  situated 
on  the  sides  of  the  mountains,  high  above  the  valleys  which  deter- 
mine low  points  in  the  water  table.  Other  factors  being  equal, 
oxygen-bearing  undeiground  water  will  circulate  from  the  divides 
to  the  valleys.  It  is  obvious  that  if  such  circulation  is  sufficiently 
slow  a  shaft  reaching  a  point  not  nearly  as  low  as  the  bottom  of  the 
valleys  may  contain  water  throughout  the  year. 

The  ore  occurs  in  shoots  which  pitch  eastward  with  the  dip  of  the 
inclosing  formation.  Their  distribution  seems  to  bear  a  definite 
relation  to  the  kind  of  inclosing  rock;  a  given  vein  crossing  the  several 
types  of  rock  is  commonly  barren  in  the  diorite,  poor  in  the  quartzite, 
and  productive  in  the  black  clay  slate.  Within  the  shoots  there  is  a 
secondary  concentration  whereby  a  leached  zone  of  15  to  30  feet  is 
found  at  the  surface,  followed  by  a  zone  of  enriched  ore  extending 
usually  to  about  100  feet,  at  which  depth  it  grades  into  the  unaltered 
deposit.     (See  p.  80.) 

MINES. 
AMERICAN  DEVELOPMEin,  MININQ  A  &EDVCTIOH  CO.'S  MUTE. 

The  A.  D.  &M.  mine,  as  the  American  Development,  Mining  &  Reduc- 
tion Co.'s  mine  \s  commonly  designated  in  the  district,  is  situated  on  the 
south  face  near  the  base  of  the  mountain  northeast  of  Gibbonsville. 
It  is  estimated  that  from  25,000  to  30,000  feet  of  development  work 
has  been  done  on  the  property,  most  of  it  on  the  600-foot  or  No.  3 
tunnel  level  from  wliich  the  Rattler,  Sucker,  Sucker  Extension, 
Diana,  Keystone,  Lone  Pine  fraction,  WiUiam  Edwards,  and  Waterloo 
grounds  are  reached.  From  this  level  raises  lead  to  the  surface  and 
a  double  compartment  shaft  reaches  the  800-foot  level.  BVom  the 
700-foot  level  an  incline  extends  to  the  900-foot  or  deepest  level. 
Nearly  all  the  stoping  has  been  done  above  800  feet. 
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The  total  production  of  the  property  is  ebtimated  at  a  little  more 
thau  $1,000,000. 

The  country  rock  is  quartzite,  quartadtic  slate,  and  micaceous  slate, 
all  th'mly  laminated  and  striking  N.  lO^-iO**  W.,  with  dips  of  40^- 
70°  E.  Although  regional  metamorphism  has  caused  much  recrys- 
tallization  in  the  slates,  slaty  cleavage  is  not  developed  and  in  most 
places  the  bedding  structure  is  apparent.  The  ({uartzites  are  iSne 
grained  and  firmly  cemented.  In  places  both  the  quartzite  and  mica 
slates  gra<le  into  a  compact  black  slate  almost  devoid  of  biotite.  It 
is  when  inclosed  in  this  rock  that  most  of  the  veins  have  present-ed 
their  highest  degree  of  metallization. 

In  tlie  western  part  of  the  workings  a  basic  diorite,  possibly  of  pre- 
Cambrian  age,  has  been  encountered.  It  conforms  in  strike  and  dip 
with  the  scdmientary  rocks  and  in  cut  by  the  veins. 

Many  f aidts  occur  in  the  mine.  They  strike  north  and  south  and 
dip  east  with  the  be<lding  in  most  places,  but  in  others  at  higher  angles. 
Figure  20  illustrates  ten  such  faults  and  shows  their  influence  on  one 
of  the  veins. 

Six  or  seven  veins  have  been  encountered  in  the  mine,  all  of  them 
striking  east  and  west,  and  all  except  the  fk^khart  dipping  50^-85^  N. 
These  veins  are  thin  tabular  bodies  and  present  a  marked  variation 
in  thickness  from  place  to  place,  both  along  the  strike  and  dip.  The 
larger  ones  average  perhaps  12  inches  in  width.  The  better  ores 
occur  in  shoots,  which  pitch  oast  at  about  the  angle  of  the  inclosing 
rock.  As  a  rule  the  ores  are  higher  grade  where  the  inclosing  rock 
is  black  slate,  and  comparatively  lean  where  it  is  quartzite  or 
diorite. 

The  outcrops  of  the  veins  usually  have  little  or  no  topographic  ex- 
pression. Heavy  iron  and  some  manganese  stains  are  everywhere 
present  in  them,  and  in  places  a  sliort  distance  below  the  surface  the 
vein  material  is  an  earthy  mass  of  manganiferous  hematite.  The 
upper  10  to  50  feet  is  mucli  poorer  than  the  next  100  feet  or  so,  and 
at  150  to  200  feet  primary  ore  is  reached. 

The  primary  ore  consists  of  pyrite,  with  a  few  crystals  of  chal- 
copyrite,  in  a  silica  gangue  rarely  including  a  little  calcite.  The 
pyrite  appears  as  cubes,  as  fine-grained  disseminations,  and  as 
patches.  In  its  broader  distribution  the  ore  occurs  in  shoots  which 
vary  in  length  from  25  to  300  feet,  and  within  the  shoots  pyrite  has  a 
rather  oven  general  distribution,  lUthougli  in  detail  such  as  is  seen  in 
the  hand  specimen  a  bunchy  arrangement  is  pix)nounced. 

The  primary  ore  carries  about  $30  in  gold,  some  40  per  cent  of  wliich 
may  be  recovered  by  amalgamation.  It  is  possible,  however,  to 
increase  the  percentage  of  recovery  to  60  or  even  to  85  per  cent 
(according  to  the  amount  of  copper  present)  by  treating  the  concen- 
trates with  cyanide. 
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OJJLMA  MO&BXS  GROUP. 

The  Clara  Morris  group,  comprising  14  patented  claims,  is  situated 
on  the  western  slope  of  the  mountain  immediately  northeast  of 
Gibbonsville.  This  property  is  one  of  the  older  ones  in  the  district. 
It  has  been  located  and  relocated  several  times,  finally  being  formed 
into  a  group  and  patented  in  1900.  Operation,  which  resulted  in 
some  2,500  feet  of  development  and  a  production  of  about  $250,000, 
was  carried  on  at  intervals  from  1888  to  1908.  As  with  the  other 
properties  in  camp,  reduction  was  first  by  means  of  the  arrastre  and 
in  later  years  by  stamp  mill  and  cyanide. 

The  following  notes  on  the  geology  and  ores  are  derived  entirely 
from  examination  of  surface  exposures  and  from  conversation  with 
Mr.  George  Hughes,  of  Gibbonsville,  for  many  years  connected  >^dth 
the  property,  the  tunnels  now  being  inaccessible. 

A  broad  belt  of  diorite  extends  along  the  western  margin  of  the 
group.  It  is  apparently  parallel  to  the  bedding  of  the  formations, 
which  strike  N.  20°  W.  and  dip  about  60*^  NE.  East  of  this  belt  the 
formation  is  a  monotonous  succession  of  quartzites,  quartzitic  slates, 
and  mica  slates.  Extensive  postmineral  faulting  is  said  to  be  shown 
by  the  multiplicity  of  offsets  encountered  in  following  the  veins,  the 
greatest  displacement  being  42  feet. 

About  twenty-seven  veins,  all  extending  east  and  west  and  most 
of  them  dipping  south,  are  reported  in  the  group.  Many  of  these  are 
worthless  or  of  doubtful  merit,  and  but  two,  the  Clara  Morris  and  the 
Nevada,  have  proved  valuable.  In  these  two  the  ore  occurs  in 
shoots  up  to  300  feet  in  length,  averaging  about  a  foot  in  width. 
The  vein  filling  is  almost  exclusively  pyritiferous  quartz,  the  pyrite 
varying  in  amount  markedly  from  place  to  place,  and  with  it  the  gold. 
The  ore  netted  about  $25  a  ton.  Wliere  traced  into  the  diorite  the 
veins  have  usually  been  barren. 

TWHr  BROTHERS  GROUP. 

The  Twin  Brothers  group  occupies  the  north  and  west  slopes  of 
the  mountain  inmiediately  southeast  of  Gibbonsville.  The  property 
is  said  to  be  developed  by  some  5,000  feet  of  tunnels  and  raises  which 
have  afforded  a  total  of  35,000  or  40,000  tons  of  ore  from  four  or  five 
veins.  As  in  the  properties  already  described,  the  deposits  are  pyritic 
quartz  veins  filling  east-west  fissures  in  metamorphosed  slates  and 
sandstones.  The  ore  is  somewhat  lower  in  grade  than  in  the  proper- 
ties north  of  Dahlonega  Creek,  running  $11  or  $12  a  ton,  but  the  ore 
bodies  are  much  wider,  some  of  them  5  or  6  feet. 

The  ores  are  treated  in  a  10-stamp  mill  by  simple  amalgamation, 
the  recovery  being  about  $9  a  ton.  The  total  production  is  estimated 
at  $300,000. 
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OTHSB.  P&0PB&TIS8. 

The  Roland  and  Taylor  group  consists  of  four  claims  situated 
in  Anderson  Creek  valley  a  mile  north  of  Gibbons^dlle.  A  wide, 
nearly  vertical  quartz  lode  striking  north  and  south  extends  through 
the  property.  It  is  highly  altered,  heavy  stains  of  iron  and  man- 
ganese being  generally  present.  Ix)cally  cores  of  unaltered  ore 
show  pyrite  and  some  rhalcoi)yrit^  to  be  the  principal  metallic  min- 
erals.   The  ledge  is  held  for  gold.  $3.50  a  ton  being  claimed. 

The  Bull  of  the  Woods  property  is  situated  on  Hughes  Creek, 
about  4  miles  west  of  Gibbonsville.  The  veins  are  included  in  east- 
ward-dipping quartzites  and  slates,  the  former  being  more  abundant 
than  near  Gibbonsville.  The  extent  and  value  of  the  ore  bodies  has 
not  been  adequately  determined,  and  save  through  a  few  small 
placers  the  deposits  have  produced  little  or  no  bullion.  A  large 
stamp  mill  has  recently  been  erected  on  the  property,  but  at  the  date 
of  the  visit  the  machinerj^  was  only  partly  installed. 

The  Chief  and  Eckhart  claims,  together  with  several  others,  have 
had  a  small  production.  Most  of  them  are  individual  claims  adjacent 
to  larger  properties  through  which  they  are  worked. 

INDIAN  CREEK  DISTRICT. 
SITUATION    AND   HISTORY. 

The  Indian  Creek  mining  district  is  situated  along  Indian  Creek, 
which  entei's  Salmon  River  about  .30  miles  below  Salmon.  Ulysses, 
a  small  settlement  dependent  for  its  existence  upon  the  mines,  is  the 
only  town  in  the  district.  It  is  reached  triweekly  by  stage  from 
Salmon.     (See  PI.  XXI,  B,  p.  152.) 

Claims  were  fii'st  located  in  the  district  in  1895,  but  little  work  was 
done  until  the  Ivittie  Burton  Gold  Mining  Co.  acquired  the  two 
leading  properties,  the  Kittie  Burton  and  Ulysses,  in  December,  1901. 
(See  PI.  XVIII.)  With  the  rapid  development  and  successful  opera- 
tion of  these  mines  other  properties  were  located  in  the  district,  but 
none  of  them  has  been  profitably  operated.  The  Kittie  Burton  Co. 
has,  however,  continued  operations  on  its  properties,  save  for  two  or 
three  short  intermissions,  since  its  organization. 

TREATM?:\T  OF  ORES  AND  PRODUCTION. 

Three  or  four  small  amalgamation  mills  have  been  operated  from 
time  to  time  in  the  district,  but  the  only  one  which  has  turned  out 
bullion  in  recent  yeai-s  is  the  mill  of  the  Kittie  Burton  Grold  Mining 
Co.,  which  is  oquippi»d  with  three  5-stamp  batteries,  each  followed  by 
three  amalgamation  plates  and  a  Wilfley  table.  About  80  per  cent 
of  the  gold  is  recovered  directly,  part  of  the  remainder  being  secured 
from  concentrates  by  smelting.    Two  grades  of  concentrates  are  run; 
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the  lower,  averaging  about  $22  a  ton,  is  stored ;  the  higher,  averaging 
about  $70  a  ton,  is  sac*ked  and  shipped  to  the  smelter. 

The  average  cost  for  mining  and  milling  68,194  tons  of  ore  from 
January,  1903,  to  July,  1907,  was  as  follows: 

Cost  j)fr  toil  for  mining  and  milling  Kittie  Burton  gold'ores. 

Mininp $2. 56 

Millinj? 1. 14 

Transportation  from  mine  to  mill 26 

3.95 

The  total  production  of  the  district  is  a  little  less  than  $600,000,  of 
which  the  Ulysses  mine  lias  produced  three-fourths  and  the  Kittie 
Burton  most  of  the  remainder. 

PHYSIOGRAPHY. 

The  Indian  Creek  mining  district  includes  the  central  part  of  a 
small  drainage  basin  35  miles  northwest  of  Salmon.  Tributary  to 
the  great  canyon  of  Salmon  River,  this  basin  corresponds  to  it  in 
depth  of  valleys  and  steepness  of  slopes,  especially  in  its  southern 
part.  Extremes  in  elevation  range  from  3,500  feet  to  more  than 
7,000  feet,  and  transitions  of  more  than  2,000  feet  within  short 
distances  are  common.  Indian  Creek,  a  small  stream  heading  against 
the  Continental  Divide,  flows  south  through  the  district,  affording 
abundant  water  for  i>ower  and  milling  purposes  save  in  winter  when 
freezing  temperatures  make  it  impossible  to  keep  flumes  open. 

GEOLOGY. 

The  predominant  rocks  of  the  region  are  the  metamorphic  equiva- 
lents of  Algonkian  shales,  sandstones,  and  intermediate  forms,  per- 
haps 75  per  cent  of  the  total  being  quartzitic  biotite  slate.  The  series 
is  rather  intensely  and  very  imiformly  metamorphosed;  little 
crumpling  is  noted,  and  where  the  primary  structure  is  minutely 
distorted  it  is  by  gentle  flexures  rather  than  by  crimpy  bends. 

The  igneous  rocks  of  the  area  are  Archean  gneiss  older  than  the 
Algonkian  sedimentary  rocks,  pre-Cambrian  (?)  diorite  associated 
with  the  sediments,  late  Cretaceous  granite  and  associated  aplitic 
dikes,  and  granite  porphyries  younger  than  any  of  the  others. 

The  several  types  of  rock  may  be  seen  along  the  road  between  the 
mouth  of  Indian  Creek  and  Ulysses.  A  broad  belt  of  gneiss  crosses 
the  canyon  about  2  miles  below  the  mines.  It  is  readily  recognized 
by  its  large  feldspars,  many  of  them  an  inch  or  more  in  length,  which 
are  somewhat  drawn  out  and  appear  as  thick  lenses  aroimd  which 
curve  sheeted  bands  of  flne-grained  biotite  and  quartz.  The  diorite 
appears  in  float  along  Indian  Creek;  it  is  a  fine  to  medium  grained 
greenish-black  rock,  darker  and  coarser  than  any  of  the  dike  rocks 
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With  wliich  it  might  be  confused.  The  granite,  distinctive  as  a  dark- 
gray  medium  to  coarse  grained  equigranular  rock  commonly  liaving 
mu(-]i  brilliant  black  biotit«  uniformly  scattered  through  it,  is  widely 
exposed  near  the  mouth  -of  Indian  Creek.  Aplite  dikes  appear  at 
many  places  on  the  valley  sides  near  Ulysses;  they  are  fine-grained 
rocks  of  light-^ray  or  pale  olive-green  color,  containing  scattered 
quartz  grains  and,  generally,  cubes  of  pyrite  as  the  only  recognizable 
crystals.  Rhyolite  poiphyry  dikes  are  not  numerous,  the  only  one 
noted  appearing  about  I  i  miles  below  Ulysses  on  the  west  side  of  the 
valley  at  an  elevation  of  4,150  feet;  the  rock  is  dark  gray  in  color  and 
is  made  up  of  crj'stals  of  quartz,  orthoclase,  and  hornblende,  rather 
sparsely  set  in  a  fine-grained  groundmass.  In  general  it  shows  more 
crvstals  and  is  fi-esher  than  the  other  dike  rocks. 

Microscopic  descriptions  of  these  several  rocks  appear  in  the  gen- 
eral section  on  igneous  rocks. 

The  structural  relations  of  the  district  are  by  no  means  simple. 
Tlio  strike  and  dip  of  the  sediments  change  repeatedly  and  abruptly 
witliin  short  distances,  although  the  variations  fall  between  a  strike 
of  northeast  and  southwest  with  dip  southwest  and  east  and  west 
with  dip  south. 

Strong  joints  are  conspicuous  throughout  the  area,  the  granite, 
however,  being  much  less  jointed  than  the  old  sediments  and  gneiss. 
In  the  granite  the  joints  in  general  seem  to  extend  N.  20°  W.  and  at 
right  angles  thereto;  in  the  metamorphic  rocks  they  extend,  in  addi- 
tion, X.  10°  E.  and  at  right  angles  thereto.  It  thus  seems  that  the 
joints  are  assignable  to  two  ages,  pregranite  and  postgranite,  those 
of  earlier  age  being  much  more  numerous.  Slips  and  faults  are 
largely  along  lines  oi  jointing.  Thus  in  the  Ulysses  mine  some  faults 
offsetting  the  ore  strike  X.  10°-30®  W.  and  dip  southwest,  and  others 
strike  X.  G0°-70°  E.  and  dip  northwest.  Though  feults  are  numer- 
ous, none  with  a  vertical  displacement  of  more  than  100  feet  has  been 

recognized. 

ORE  DEPOsrrs. 

TTLTBSES  VXIK. 

The  Ulysses  mine  is  situated  on  the  steep  valley  side  east  of  IHysses, 
1,400  feet  above  tlie  town.  It  is  reached  by  wagon  road  and  con- 
nected wnth  the  mill  at  Llvases  bv  aerial  tram.  The  vein,  a  tabular 
body  varying  in  width  up  to  10  or  12  feet,  strikes  east  and  west  and 
dips  10°-25°  S.  Its  general  flat  dip,  corresponding  rouglily  with  the 
slope  of  the  hill,  has  made  it  feasible  to  work  considerable  areas  near 
the  outcrop  by  stripping  the  overlying  material.  (See  PI.  XIX.) 
Xowhere  has  the  vein  been  found  to  extend  to  a  depth  of  more  than 
150  feet. 

Slates  and  quartzitos  inclose  the  vein,  wliich  in  most  places  corre- 
sponds in  strike  and  dip.    A  fine-grained  granite  porphyry,  very 
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probably  younger  than  the  ore,  overlies  the  vein  in  Bome  places  and 
in  others  underUoa  it.  Tlie  vein  filling  is  coarsely  crystallized  quartz 
but  iududos  also  much  silicified  wall  rock.  In  places  a  little  ca1cit« 
accompanies  the  quartz.  Pyrite,  most  of  it  in  cubes  but  some  of  it 
in  irregular  patches,  is  conspicuous  locally,  and  chalcopyrite  and 
braunite  appear  in  places.  In  general,  however,  the  minerals  are 
tiio  common  oxidation  products  of  those  Just  mentioned  Gold  is 
distributed  quite  generally  tlirough  the  deposit  m  amounts  equiva- 
lent to  SI  .50  or  more  per  t-on  but  those  parts  sufficiently  nch  to 
justify  handling  are  coniined  to  large  bodies  erratically  distributed 
in  the  vein.    These  average  S7  or  $S  per  ton     It  11  noteworthy  that 


secondary  enrichment  has  not  been  encountered  in  the  oxidized  ores, 
for  iron  and  manganese  are  abundant,  a  combmation  which  makes 
possible  the  solution  of  gold  under  surface  conditions. 

Tlie  vein  is  offset  by  several  step  faults  (fig.  21)  which  successively 
increase  its  elevation  northward, 

KITTIX  BUSTOH  VKIH. 

The  Kittie  Burton  mine  is  situated  on  the  canyon  side  west  of 
Ulysses  at  an  elevation  1,200  feet  higher  than  the  town.  It  is  reached 
from  Ulysses  by  wagon  road  and  connected  with  the  mill  by  aerial 
tram.     Tlie  vein,  inclosed  in  slates  and  quartzites,  strikes  N.  20''-30° 
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W.  and  dips  40^  SW.  in  the  upper  100  feet  but  is  almost  flat  below 
that  depth.  In  its  more  highly  dipping  section  its  average  width  is 
3  to  4  feet,  but  in  its  flat  part,  known  as  the  ''big  stope/'  it  attains 
a  maximum  thickness  of  about  30  feet.  From  a  level  below  the  ''big 
stope*'  and  west  of  it,  a  winze  has  been  sunk  40  feet  on  a  vein  which 
lies  parallel  to  and  west  of  the  vein  above  the  "bigstope."  Whether 
or  not  these  are  portions  of  the  same  vein  has  not  yet  been  shown  by 
development. 

The  vein  filling,  a  coarsely  crvstallized  bluish-white  quartz  index- 
ing much  silicified  wall  rock,  is  in  every  way  similar  to  that  found  in 
the  Ulysses  mine.  In  addition  to  abundant  pyrite  and  some  braun- 
ite  and  chaloopyrite,  pyrrhotite  is  present  in  tlie  ore.  Of  the  min- 
erals produced  by  oxidation,  iron  and  manganese  oxides  are  abun- 
dant, rhodoclirosite  appears  as  minute  crvstals  on  fracture  surfaces, 
and  malacliite  and  azurite  and  rarely  native  copper  are  found  in  small 
quantities  near  the  surface.  Oxidation  extends  throughout  that 
part  of  ttie  deposit  which  has  been  explored,  although  as  a  whole  the 
ore  is  rapidly  becoming  baser. 


Veins  have  been  found  near  the  head  of  Sage  Creek  and  at  various 
places  on  the  mountain  slopes  southeast  and  southwest  of  Ulysses, 
but  as  they  are  not  commercially  important  so  far  as  known,  and  as 
they  do  not  differ  in  type  from  the  Ulysses  and  Kittie  Burton  veins, 
they  are  not  described. 

MINERAL  HILL  DI8TBI0T. 
SITUATION    AND   ACCESS. 

Tlie  Mineral  Ilill  mining  district  comprises  a  lai^e  area  lying 
about  45  miles  northwest  of  Salmon.  On  the  north,  east,  and 
south  it  merges  into  tlie  Mineral  Point,  Indian  Creek,  and  Mackinaw 
districts,  respectively.  On  tJie  west  no  boundaries,  even  approxi- 
mate, are  recognized.  Shoup,  a  small  settlement  on  the  north 
bank  of  Salmon  River  ccntraDy  located  in  tlie  district,  has  triweekly 
mail  communication  witJi  Salmon.  A  stage  road  down  Salmon  River 
reaches  a  point  witliin  6  miles  of  Shoup,  where  it  gives  way  to  a  narrow 
trail  wliicJi  winds  along  the  canyon's  side.  SuppHes  are  floated 
down  the  river  on  barges  as  far  as  Shoup,  below  whicli  treacherous 
rapids  make  water  transportation  extremely  liazardous. 

Only  tJie  soutJiern  part  of  tJie  district  was  visited  during  1910, 
the  nortJiern  part  iiaving  been  previously  visite<l  and  briefly  described 
by  Lindgren.' 

1  Llndgren,  Waldemar,  A  ireologic-al  reoonnals!iaiK>e  across  the  Bltterroot  Range  Mid 
Mountains  In  Montana  and  Idaho:  Prof.  Paper  U.  S.  Qeol.  Survey  No.  27, 1904,  p.  90. 
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HISTORY  AND   PRODUCTION. 

The  district  was  discovered  in  1882,  the  Grunter  and  Kentuck 
properties  being  located  in  that  year.  These  locations  were  followed 
by  the  Big  Lead  in  1886,  the  Clipper  Bullion  in  1887,  and  the  Monolith 
in  1889.  During  the  first  two  years  the  ore  was  treated  by  arrastres 
and  a  single  stamp.  In  1884  the  Kentuck  Co.  erected  a  10-stamp 
mill,  and  during  the  succeeding  few  years  four  other  mills  were 
erected  on  as  many  properties,  so  that  now  55  stamps  are  in  place. 
Treatment  of  the  ores  in  these  mills  has  not,  however,  been  whoDy 
satisfactory,  owing  to  the  crude  construction  of  most  of  them  and  to 
the  fact  that  the  ores  rapidly  became  base  with  depth. 

The  total  production  of  that  part  of  Mineral  Hill  district  adjacent 
to  Shoup  has  probably  been  a  little  more  than  $750,000;  about 
two-thirds  of  this  amount  lias  come  from  the  Kentuck  mine,  the 
Grunter  and  Monolith  affording  most  of  the  balance,  although  two 
other  properties — the  Clipper  Bullion  and  Big  Lead — have  supplied 
some  bullion. 

TOPOGRAPHY. 

Mineral  Hill  district  is  a  forest-clad  area  of  exceptional  boldness  of 
relief.  Trenched  across  its  southern  part  by  the  canyon  of  Salmon 
River,  a  narrow  goi^e  2,000  to  4,000  feet  deep,  which  determines  the 
depth  of  numerous  tributary  canyons,  the  area  shows  a  succession  of 
deep  gashes,  the  sides  of  which  rise  abruptly  until  near  the  level 
of  the  uplands,  where  they  grade  back  into  broadly  rounded  topo- 
graphic* forms.  The  properties  described  later  occupy  the  lower 
and  middle  slopes  of  the  canyons  of  Salmon  River,  of  Boulder  Creek, 
a  small  tributary  from  the  north,  and  of  Pine  Creek,  which  enters 
from  the  soutli. 

GEOLOGY. 

The  uplands  are  in  many  places  capped  by  sedimentary  rocks  of 
Algonkian  age,  now  extensively  metamorphosed  to  mica  schists, 
slates,  and  quartzites.  The  base  of  these,  separated  from  the  under- 
lying gneiss  by  an  erosional  contact,  is  a  fine-grained  biotite  schist, 
locally  containing  much  arkosic  material  derived  from  the  gneiss. 
Above  this  schist  is  an  oft-repeated  succession  of  slates  and  quartz- 
ites. The  series,  although  varying  markedly  in  attitude  from  place 
to  place,  in  general  strikes  N.  20°  W.  and  dips  45*^  NE. 

Granite  gneiss,  the  oldest  rock  in  the  county,  forms  the  canyon 
walls  near  Shoup  and  extends  as  a  broad  area  north  and  west. 
Within  its  general  field  many  caps  of  Algonkian  rocks  are  yet  pre- 
served, but  owing  to  lack  of  detailed  knowledge  concerning  them, 
they  are  not  shown  on  the  map  (PI.  I,  in  pocket).  The  gneiss  is 
readily  recognized  in  the  field  by  its  large  feldspar  crystals,  many  of 
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wliich  are  crushed  and  drawn  out  into  lenslike  masses.  Curving 
about  tliese  are  foils  of  biotite  and  crude  bauds  of  granulated  quartz, 
whicJi  by  tlieii*  arrangement  give  the  rock  a  decidedly  banded 
appoarance. 

Both  tlie  gneiss  and  the  Algonkian  sedimentary  rocks  are  intruded 
by  a  great  granite  batholitli,  whicli  is  beautifully  exposed  in  the  can- 
yon a  few  miles  above  Shoup  and  on  the  slopes  to  the  southeast.  The 
rock  is  dark  gray,  medium  to  coarse  grained,  and  commonly  equi- 
granular.  -iVlthough  biotite  is  generally  abundant,  giving  a  mottled 
appearance,  it  is  locally  almost  absent.  Tlds  granite  is  distinguished 
from  the  granite  gneiss  by  smaller  feldspars,  general  lack  of  scliistos- 
ity,  and  freshness  of  appearance. 

Within  the  district  dikes  of  coai-se  and  fine  grained  granite  por- 
phyiy,  diorite,  basalt,  and  quartz  diorite  porphyry  were  noted. 
The  gi-anite  poiphyry  dikes  are  most  numerous,  at  least  six  being 
seen,  and  are  said  to  have  the  greatest  extent.  They  are  from  50 
to  100  feet  wide  and  extend  in  a  general  course  N.  10°-20**  E- 
The  rock  has  a  medium  to  coarse  poi7>liyritic  texture  with  quartz 
and  feldspar  crystals  set  in  a  fine-grained  bluish-gray  groundmass. 
Next  in  importance,  and  younger  than  the  granite  porphyry,  are  the 
quartz  diorite  porphyry  dikes,  which  in  general  strike  N.  70**  E, 
Tliis  rock  is  characterized  by  a  dark-gray  fine-grained  groundmasB, 
sparsely  studded  with  medium-sized  feldspar  and  fewer  quartz  cryft- 
tals.  Biotite  and  hornblende  appear  as  small,  brilliant,  black  phe- 
nocrysts.  Possibly  still  younger,  and  with  strike  parallel  to  that  of 
the  quarts  diorite  poqJiyry,  is  a  fine-grained  equigranular  grayish- 
black  rock  consisting  of  plagioclase,  hornblende,  and  biotite.  This 
rock  ij  classed  as  diorite.  Another  type  of  dike,  greatly  altered  but 
evidently  a  bastdt,  was  noted  in  the  Monolith  mine.  A  similar  rock, 
but  fresh,  accompanies  the  vein  in  the  Clipper  Bullion  mine.  The 
age  of  the  basalt  with  reference*  to  tlie  quartz  diorite  porphyry  is  not 
known,  but  it  is  dearly  yoimger  than  the  veins. 

ORE   DEPOSITS. 

The  deposits  of  the  district,  all  of  which  are  mined  for  gold,  are 
grouped  around  Shoup,  in  the  southern  part  of  the  district  (PL  XX), 
and  around  Mineral  Hill,  in  the  northern  part.  Oidy  the  former 
were  visited.  Six  or  eight  veins  have  been  prospected.  AU  the 
more  important  strike  northeast  and  southwest  and  dip  southeast. 
This  general  attitude  is  (entirely  independent  of  tlie  schistosity  of 
the  gneiss  and  the  bedding  of  the  slates  and  quartzites  but  corre- 
sponds to  the  extensive  jomts  wliich  may  be  recognized  in  most 
exposures  in  the  area.  Faulting,  tJthough  common,  has  been  found  to 
displace  the  ore  seriously  in  only  a  few  places. 
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which  are  crushed  and  drawn  out  into  lenslike  masses.  Curving 
about  tJiese  are  foils  of  biotite  and  crude  bands  of  granulated  quartz, 
wliicli  by  their  arrangement  give  the  rock  a  decidedly  banded 
appearance. 

Both  tlie  gneiss  and  the  Algonkian  sedimentary  rocks  are  intruded 
by  a  great  granite  bathoUtli;  wJiicli  is  beautifully  exposed  in  the  can- 
yon a  few  miles  above  Shoup  and  on  the  slopes  to  the  southeast.  The 
rock  is  dark  gray,  medium  to  coarse  grained,  and  commonly  equi- 
granular.  Althougli  biotite  is  generally  abundant,  giving  a  mottled 
appearance,  it  is  locally  almost  absent.  Tliis  granite  is  distinguished 
from  the  granite  gneiss  by  smaller  feldspars,  general  lack  of  schistos- 
ity,  and  frealmess  of  appearance. 

Within  the  district  dikes  of  coai-si*  and  fine  grained  granite  por- 
phyry, diorite,  basalt,  and  quartz  diorite  porphyry  were  noted. 
Th(»  gi-anite  poq)hyry  dikes  are  most  numerous,  at  least  six  being 
seen,  and  are  said  to  have  the  greatest  extent.  They  are  from  50 
to  100  feet  wide  and  extend  in  a  general  course  N.  10^-20**  E. 
The  rock  has  a  medium  to  coarse  poiT^hyritic  texture  with  quartz 
and  feldspar  crystals  set  in  a  fine-grained  bluish-gray  groundmass. 
Next  in  importance,  and  younger  than  the  granite  porphyry,  are  the 
quartz  diorite  porphyry  dikes,  which  in  general  strike  N.  70**  E, 
This  rock  is  characterized  by  a  dark-gray  fine-grained  groundmaas, 
sparsely  studded  with  medium-sized  feldspar  and  fewer  quartz  crys- 
tals. Biotite  and  Iiomblende  appear  as  small,  brilliant,  black  phe- 
nociysts.  Possibly  still  younger,  and  with  strike  parallel  to  that  of 
the  quartz  diorite  porphyry,  is  a  fine-grained  equigranular  grayish- 
black  rock  consistuig  of  plagioclase,  hornblende,  and  biotite.  This 
rock  is  classed  as  diorite.  Another  type  of  dike,  greatly  altered  but 
evidently  a  bastJt,  was  noted  in  the  Monolith  mine.  A  similar  rock, 
but  fresh,  accompanies  the  vem  in  the  Clipper  Bullion  mine.  The 
age  of  the  basalt  with  reference  to  the  quartz  diorite  porphyry  is  not 
known,  but  it  is  clearly  yoimger  than  the  veins. 

ORE  DEPOsrrs. 

The  deposits  of  the  dLstrict,  all  of  which  are  mined  for  gold,  are 
grouped  around  Shoup,  in  the  southern  part  of  the  district  (PI.  XX), 
and  around  Mineral  Hill,  in  the  northern  part.  Oidy  tlie  fonner 
were  visited.  Six  or  eight  veins  have  been  pros])ected.  All  the 
more  important  strike  northeast  and  soutJiwest  and  dip  southeast. 
This  general  attitude  Is  (Mitirely  independent  of  the  schistosity  of 
the  gneiss  and  the  bedding  of  tlie  slates  and  quartzites  but  corre- 
sponds to  the  extensive  joints  which  may  be  recognized  in  most 
exposures  in  the  area.  Faulting,  although  common,  has  been  found  to 
displace  the  ore  seriously  in  only  a  few  places. 
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The  Kentuck,  the  chief  mine  of  the  Mineral  Hill  district,  is  mtuatcd 
1  iiiilo  west  <if  Shoup  at  an  elevation  of  1 ,200  feet  above  Salmon  River. 
Th(t  property  was  located  in  1882,  and  immediately  thereafter  pro- 
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duction  began.  l>uring  the  first  two  years  tlie  ore  was  worked  by 
a  mill  with  a  single  stamp  and  twoarrostre  beds.  In  1884  a  10-stamp 
mill  was  erected,  and  from  tliat  time  until  1890  the  mine  experienced 
its  greatest  period  of  production,  which  gradually  waned  during  the 
next  three  years  to  its  present  inactive  state.    The  property  has 
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yielded  about  45,000  tons  of  ore  which,  on  a  basis  of  40  per  cent 
recovery,  is  said  to  have  netted  a  fraction  less  than  $10  a  ton. 

Development  work  on  five  levels  opens  a  total  depth  on  the  vein 
of  about  700  feet,  although,  owing  to  the  approximate  coincidence  in 
dip  of  the  lode  and  slope  of  the  hill,  a  vertical  depth  greater  than  200 
feet  has  not  been  obtained.  Most  of  the  development  and  stoping 
has  been  done  from  the  fifth  level.     (See  fig.  22.) 

The  vein,  which  strikes  N.  70°  E.  and  dips  40°  SE.,  is  from  2  to  6 
and  in  a  few  places  8  feet  wide.  It  is  inclosed  in  gneiss,  which  is  cut 
by  granite  porphyry  dikes  younger  than  the  vein  and  by  quartz 
diorite  porphyry  still  more  recent.  The  ore  is  coarse-grained  bluish- 
white  quartz  with  pyrite,  and  in  places  has  arsenopyrite,  galena,  and 
a  very  Uttle  sphalerite  scattered  irregularly  through  it.  In  the  upper 
workings  little  ore  was  foimd  to  be  oxidized  for  more  than  a  few  feet 
below  the  surface. 

M OHOLITH  MINE. 

The  Monolith  group  lies  a  mile  north  of  Shoup  on  the  east  side  of 
Boulder  Creek  at  an  elevation  of  4,100  feet.  Development  consists 
of  several  open  cuts  and  small  tunnels  in  addition  to  a  principal  tunnel 
which  extends  in  600  feet  on  the  strike  of  the  vein  and  from  which 
raises  and  stopes  connect  with  the  surface  150  feet  up  the  dip.  The 
production  of  the  property  is  said  to  be  about  $175,000  from  ore 
which  plated  somewhat  less  than  $10  a  ton. 

The  coimtry  rock  comprises  both  metamorphosed  sediments  and 
gneiss.  In  the  workings  quartzites  and  slates  predominate,  although 
gneiss  crops  out  a  few  himdred  feet  below  the  tunnel.  Both  types 
of  rock  are  extensively  jointed.  Granite  porphyry,  quartz  diorite 
porphyry,  and  basalt  occur  as  dikes. 

The  deposit,  a  tabular  body  from  a  few  inches  to  4  feet  in  width, 
strikes  N.  12°  E.  and  dips  10^-30°  SE.  Within  the  coarse  quartz 
gangue,  pyrite,  nowhere  abimdant,  appears  as  intergrowths  and  as 
films  along  joint  cracks;  galena  occurs  in  small  amounts,  both  as 
cubes  and  fine-grained  bunches;  sphalerite  is  rare,  as  is  also  arseno- 
pyrite. Oxidation  is  not  extensive,  primary  minerals  commonly 
appearing  within  a  few  feet  of  the  surface.  Xear  the  hanging  wall, 
however,  a  narrow  oxidized  zone  apparently  serves  as  a  water  channel 
through  the  deposit  which,  as  now  exposed,  is  far  above  ground-water 
level. 

ORXTNTER  MUTE. 

The  Grunter  mine  is  situated  half  a  mile  below  Shoup  and  a  few  hun- 
dred feet  north  of  Salmon  River.  The  property  was  the  first  located 
in  the  district,  and  in  the  few  years  following  its  discovery,  in  1882 
produced  some  $50,000  from  ores  procured  near  the  surface.  The  vein 
has  never  been  explored  in  depth,  most  of  the  workings  being  open 
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cuts,  in  places  connected  by  short  tunnels.  The  country  rock  ia  gneiss 
locally  impregnated  with  pyrite,  and  rather  general^  sUicified  near 
the  vein.  The  ore  body  is  an  irregular  deposit,  which  in  scmie  places 
strikes  N.  TO^-SO"  E.  and  <!ips  30'*-70''  SE.  and  in  others  Btiikes  X. 
10°  W.,  with  dip  variable  but  averaging  perhaps  70°  E.  The  quartz 
varies  from  2  to  40  feet  or  more  in  width,  the  wider  ports  being  gen- 
erally angular  in  general  outline.  Mineralogically  the  deposit  is 
rather  simple,  pyrite  and  sparse  galena,  sphalerite,  and  aisenopyrite 
being  the  only  minerals  noted.  Oxidation  has  taken  place  only  along 
the  tttronger  joint  cracks  and  within  a  few  feet  of  the  surface, 
ouppza  Binxioif  mnz. 

The  Clipper  Bullion  property  consists  of  10  claims  south  of  Salmon 
Itiver,  half  a  mile  from  Shoup.  Since  its  location  in  1887  some  2,500 
feet  of  development  work  has  yielded  about  $7.5,000  in  gold. 

Three  veins,  all  of  which  arc  inclosed  in  gneiss,  have  been  opened 
on  the  property.    They  appear  at  successively  higher  elevations  on 
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the  mountain  side  and  arc  locally  known  as  Tramway,  Hennessey, 
and  Clipper  Bullion.  The  Tramway  vein,  which  averages  about  3 
feet  in  width,  strikes  X.  70"  E.  and  dips  Sn°  SE.  In  the  upper  part 
it  is  a  decomposed  honeycomb  quartz  cariying  free  gold.  It  is 
faulted  at  short  intervak  but  is  never  offset  more  than  a  few  feet. 
One  normal  throw  of  particular  interest  parallels  the  vein  in  strike 
but  has  opposite  dip;  above  it  the  ore  was  completely  oxidized  and 
below  it  unaltered  vein  matter  was  encountered.  The  ore  consists 
of  pyiitc  and  a  htth',  gnlena,  irregularly  and  rather  sparsely  scattered 
in  a  quart/.-barife  giuifruc  Withiu  the  <i.\idizcd  zone  the  primary 
minerals  have  altered  to  iron  oxide  and  cf^rusite  (fig.  23),  and  native 
sulphur  is  very  generally  present  in  the  cavities  formed  by  leaching. 
In  treatment  the  sulphur  forms  a  scum  in  which  much  of  the  fine  gold 
is  lost. 

The  Hennessey  vein,  which  averages  about  20  inches  in  width, 
•itnkes  N.  20°  E.  and  dips  8!)°  SE.     It  is  composed  of  clear,  coone 
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quartz,  in  which  are  scattered  pyrite  crystals  accompanied  by  free 
gold. 

The  most  productive  vein  on  the  group  is  the  Clipper  BuUion, 
which  averages  about  3  feet  in  width,  strikes  N.  42®  E.,  and  dips 
65^-85°  SE.  Only  the  oxidized  zone,  consisting  of  decomposed 
pyritic  quartz,  has  been  worked.  Here,  as  elsewhere  in  the  group, 
the  ore  occurs  in  small  shoots,  some  of  which  are  very  rich.  One 
shoot  produced  1,000  tons  of  ore  averaging  $43  per  ton. 

BIO  LEAD  Mnns. 

The  Big  Lead  mine  is  a  gold  property  situated  on  the  east  side 
of  Pine  Creek,  about  a  mile  above  its  junction  with  Salmon  River. 
Development  consists  of  about  1,500  feet  of  tunnels  and  a  few  small 
shafts.  The  production  of  the  property  is  not  known,  but  probably 
it  has  been  small. 

The  rock  formations  include  gneiss  and  slates  intruded  by  granite 
and  granite  porphyry  dikes.  Several  veins  are  recognized  but  only 
the  most  important  was  visited.  This  vein  strikes  N.  65°  E.  and 
dips  80°  SE.  It  is  inclosed  in  granite  and  ranges  from  a  few  inches 
to  3^  feet  in  width.  Throughout  the  present  workings  the  ore  is 
extensively  oxidized  and  iron  stained,  although  crystals  of  pyrite 
and  considerable  magnetite  appear  in  places.  The  gold  is  free.  In 
many  places  the  granite  next  the  vein  is  a  little  altered,  and  numer- 
ous masses  of  schist  included  in  the  quartz,  evidently  having  fallen 
into  an  open  fissure  from  higher  horizons,  are  intensely  silicified. 

The  ore  bodies  on  this  group  are  large  and  fairly  persistent  but 
mineralization  is  not  intense;  $6  to  $8  a  ton  is  claimed. 

MACKINAW  DISTBICT. 
SrrUATION   AND   ACCESS. 

The  Mackinaw  district  includes  an  unorganized  area  of  about 
six  townships  situated  in  the  north-central  part  of  Lemhi  County. 
Broadly  defined,  it  is  bounded  on  the  east  by  the  mountain  crest 
west  of  Salmon,  on  the  north  by  Salmon  River,  and  on  the  south 
and  west  by  Big  Creek.  On  the  northwest  the  Mineral  Hill  district 
extends  a  short  distance  into  this  area,  and  in  the  northeast  the 
Eureka  district  is  frequently  considered  to  include  the  Moose  Creek 
placers.  In  this  report,  however,  these  are  included  in  the  Mackinaw 
district. 

Leesburg,  a  settlement  of  25  inhabitants,  the  local  supply  point 
and  post  office  for  the  district,  is  reached  triweekly  by  stage  from 
Salmon,  which  in  a  direct  line  is  about  9  miles  east-southeast  but  by 
i-oad  is  much  farther.  Lines  of  travel  within  the  area  include  n 
stage  road  from  Leesburg,  east  to  Salmon  and  south  to  Forney. 
Secondary  roads  extend  to  Moose  Creek  with  a  branch  to  Beaver 
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Creek,  and  branches  from  the  Forney  road  up  Amett  and  Phelan 
Creeks.  Trails  lead  from  these  few  roads  mto  many  parts  of  the 
district. 

HISTORY   AND  PBODUCTION. 

The  location  of  placers  on  Napias  Creek  in  July,  1866,  makes  the 
Mackinaw  district  by  several  years  tlie  oldest  in  Liemhi  County. 
In  spite  of  the  fact  that  it  was  necessary  to  freight  supplies  from 
Fort  Benton,  in  central  Montana,  and  later  from  Corinne,  Utah,  a 
prosperous  camp  with  more  than  7,000  persons  early  sprang  up  at 
Leesburg.  The  first  four  years  after  discovery  marked  its  period  of 
greatest  activity,  although  placer  mining  has  continued  down  to 
the  present  time. 

The  first  quartz  mine,  known  as  the  Shoo  Fly,  was  located  in  1870 
on  the  mountain  east  of  Moose  Creek  basin.  The  ore  body  was 
not  large  and  was  soon  exhausted.  In  1880  the  Gold  Flint  was 
located,  and  in  1892  the  ItaUan  mine.  Withal,  quartz  nriining  has 
not  proved  nearly  as  productive  as  placer  working.  Some  promising 
veins  have  been  found,  but  most  of  the  ore  bodies  have  proved  iiT^go- 
lar  in  shape  and  low  in  grade. 

As  is  true  in  most  districts  where  rich  placers  are  worked  by  many 
individuals  and  where  gold  dust  is  used  in  commercial  trade  and 
gambling  is  rife,  it  is  impossible  to  form  even  an  approximately  correct 
estimate  of  the  total  amount  of  gold  produced.  It  is  also  true  that 
the  estimates  handed  down  by  tradition  in  such  districts  are  nearly 
always  far  too  high.  In  the  Mackinaw  district  long-time  residenta 
place  the  production  at  figures  ranging  from  $5,000,000  to  S30,000,000, 
but  from  the  area  of  ground  worked  and  its  reported  richness  it 
seems  to  the  writer  that  the  former  figure  must  be  very  much  more 
nearly  correct,  possibly  even  high.  In  addition  to  this  the  lode  mines 
have  afforded  bullion  to  the  amount  of  about  S250,000,  two-thirds 
of  which  came  from  the  Italian  mine  and  most  of  the  remainder  from 
the  Shoo  Fly. 

PHYSIOGRAPHY. 

The  Mackinaw  district  is  a  high  forest-clad  area,  deeply  trenched 
in  its  marginal  parts  by  canyons  which  extend  into  it  from  three  sides. 
On  the  north  the  uplands  join  abruptly  the  precipitous  sides  of 
Salmon  Canyon,  and  on  the  south  and  west  meet  the  almost  equally 
steep  slopes  of  the  trench  occupied  by  Big  Oeek.  Eastward  the 
surface  grades  into  the  crest  line,  beyond  which  lies  the  broad 
valley  in  which  the  city  of  Salmon  is  situated. 

The  valleys  in  the  central  part  of  the  area  are  broad  and  open, 
assuming  their  trenchlike  character  oiJy  as  they  approach  the  major 
streams  on  the  margin  of  the  district.  Also  characteristic  of  the 
uplands  are  the  many  features  typical  of  glaciation.    These  are  dis- 
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tinct  on  Napias  and  Moose  creeks  and  about  the  head  of  Beaver 
Creek.  Indeed  most  of  the  area  above  8,000  feet  and  some  of  the 
valleys  (Napias  Creek)  as  low  as  6,500  feet  were  glaciated  in  Pleis- 
tocene time. 

OEOLOOT. 

Algonkian  sedimentary  rocks,  largely  confined  to  the  central  part 
of  the  district,  form  the  principal  stratified  rocks  of  the  area.  They 
are  completely  metamorphosed  to  quartzitos,  slates,  and  schists 
which,  although  varying  greatly  in  attitude  from  place  to  place,  in 
general  dip  45°  ENE.  They  occur  as  a  broad  outlier  resting  upon  the 
granite  which  is  extensively  exposed  in  the  canyons  bordering  the 
area. 

Miocene  lake  beds  occur  in  Moose  Creek  basin  as  a  small  area 
about  three-fourths  of  a  mile  wide  and  5  imles  long.  They  are  ex- 
cellently exposed  at  the  head  of  Dump  (^reek  canyon,  which  is  the 
lower  continuation  of  the  valley  occupied  by  them.  As  here  seen, 
the  beds  are  more  than  200  feet  thick,  consisting  of  about  100  feet 
of  rhyoUte  fiows  overlain  by  conglomerate  at  the  base,  followed  by 
thinly  bedded  alternating  layers  of  sandstone,  shale,  and  lignitic 
material  for  about  100  feet  more.  After  these  were  tilted  to  a  dip  of 
10^  E.  and  a  central  trench  was  developed  through  the  basin,  basalt 
poured  into  the  lower  parts,  making  the  surface  nearly  level.  Then 
followed  a  thin  veneer  of  auriferous  gravels.  Some  time  during  its 
later  history  the  drainage  changed  from  its  normal  outlet  by  way  of 
Dump  Creek  and  escaped  by  way  of  Moose  Creek.  The  divide  re- 
mained so  low,  however,  that  during  early  placer  mining  Moose 
Creek  was  returned  to  its  original  outlet  and  now  escapes  through  a 
deep  trench,  excavated  by  it  in  recent  years.  (See  fig.  7,  p.  36.) 
A  dike  of  rhyolite  porphyry,  which  crosses  the  valley  below  the 
deposit,  probably  formed  the  dam  that  caused  the  Miocene  lake. 

Granite  gneiss,  resulting  from  intense  metamorphism  of  a  coarse- 
textured  biotite  granite,  is  exposed  in  the  northwest  part  of  the  dis- 
trict. In  most  exi>osures  the  gneiss  is  readily  recognized  by  its 
large  feldspar  crystals,  many  of  them  2  or  3  inches  in  length,  which  are 
somewhat  drawn  out  and  interspread  between  fine-grained  bands  of 
intimately  mixed  biotito  and  quartz.  The  rock  is  of  Archean  age 
and  constitutes  the  basement  upon  which  the  Algonkian  sedimentary 
rocks  rest. 

The  next  younger  igneous  rock  is  a  medium-grained  biotite  granite 
which  cuts  both  the  gneiss  and  the  schists.  From  the  gneiss  it  is 
readily  distinguished  by  its  general  lack  of  schistosity,  its  more  nearly 
equigranular  texture,  and  its  generally  fresh  appearance.  The  rock 
is  exposed  as  a  broad  band  surrounding  the  large  area  of  Algonkian 
sedimentary  rocks  which  occupy  the  central  part  of  the  district. 
Along  the  inner  side  of  the  eastern  portion  its  contact  with  the 
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sodimontary  ro<*ks  is  a  fault  plane,  but  in  most  places  it  is  clearly 
intrusive  and  accompanied  by  garnet,  epidote,  and  chiastolite  devel- 
oped in  the  older  rocks  near  its  contact. 

Dikes  are  not  numerous  in  those  parte  of  the  Mackinaw  district 
which  wore  visited.  One  of  rhyolite  porphjrry  occurs  near  the  head 
of  Dump  Creek  and  two.  or  three  others  at  the  mouth  of  Phelan  Creek. 
Near  the  Italian  mine  a  dike  of  biotite  monzonite  100  feet  wide  strikes 
N.  60°  W.  The  rock  is  dark  gray  and  equigranular  and  contains 
about  ecjual  amounts  of  oligoclase  and  orthoclase  (PI.  \^II,  A, 
p.  45).  together  with  much  biotite. 

Lavas  are  developed  along  Moose  Creek  and  along  Napias  Creek, 
near  the  mouth  of  Phelan  Creek.  In  the  former  locality  they  consist 
of  rhyolites  which  underlie  the  lake  beds^  and  basalts  which  overlie 
them.  In  the  latter  area  both  rhyolites  and  basalte  are  seen,  the 
former  gi-catly  predominating.  Tlie  relative  ages  of  the  lavas  as  here 
exposed  were  not  determined.  In  each  locality  their  areal  extent 
is  about  4  or  5  scfuare  miles. 

PLACER  DEPOSITS. 

Placers  have  been  worked  along  Napias  Creek  and  its  tributaries, 
Moose  Creek  and  Beaver  CYeek.  They  occur  above  6,500  feet  ele- 
vation, except  on  Beaver  Creek,  where  they  extend  down  to  3,500 
feet  above  sea  level. 

LEZBBURO  BASnr. 

Napias  Creek  and  its  tributaries  drain  an  area  commonly  known 
as  the  Ijeesburg  Basin,  which  comprises  about  1,000  acres  of  ground. 
This  ground  includes  the  most  extensive  placers  in  the  Mackinaw  dis- 
trict and  the  earliast  discovered  in  I^mhi  County,  being  located  in 
July,  1866.  Work  has  been  carried  on  almost  entirely  by  hydraulic 
methods  and  a  total  of  possibly  $5,000,000  has  been  recovered.  The 
gravels  vary  from  5  to  8  feet  in  thickness  and  range  from  pebbles  to 
bowlders  10  inches  through,  with  a  few  up  to  4  or  5  feet.  In  most  of 
the  workings  decomposed  granite  is  the  bedrock,  but  in  places,  par- 
ticularly on  Phelan  Creek,  the  gravels  overlie  glacial  till.  One  mile 
below  Lees  burg  two  beds  of  gravel  separated  by  about  8  feet  of 
glacial  till  have  been  recognized,  but  only  the  upper  bed  has  been 
worked.  Most  of  the  gold  occurs  in  the  first  18  inc^hes  above  bed- 
rock, in  coarse  and  fine  grains,  although  some  small  nuggets  and  a  few 
worth  from  $15  to  $20  have  been  found. 

Placer  mining  has  been  practically  abandoned  in  the  Xieesburg 
Basm  for  many  years,  only  a  few  individuals  operating  intermittently. 
An  area  of  special  interest  is  on  the  hill  near  the  Haidee  mine,  where 
the  arkosic  mantle  formed  each  whiter  by  the  disintegration  of 
granite  is  washed  for  gold  each  spring  and  affords  wages,  though 
ittle  more. 
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MOOSZ  OBSXS. 

Next  in  importance  among  the  placer  grounds  in  the  district  are 
those  along  Moose  Creek,  where  200  acres  have  yielded  about 
$1,000,000.  This  deposit  has  continued  productive  down  to  the 
present,  the  annual  production  for  several  years  past  having  been 
about  $20,000.  This  property,  located  a  short  time  after  the  Lees- 
burg  placers,  was  owned  and  worked  for  many  years  by  David 
McNutt,  of  Salmon,  In  1898  it  passed  into  the  hands  of  the  Pacific 
Dredging  Co.,  of  Chicago,  and  was  operated  with  a  dredge  for  four 
and  one-half  years.  Later  it  was  secured  by  John  E.  Mullen,  who  for 
the  past  four  years  has  operated  a  dredge  of  2,000  yards  daily 
capacity.  In  addition  to  the  main  deposit,  Beartrack,  Webfoot,  and 
Dailey  Creek  gulches,  all  tributary  from  the  east,  have  produced 
noteworthy  amounts  of  gold. 

The  basement  is  an  even  floor,  in  places  formed  of  decomposed 
granite  but  mostly  of  Miocene  lake  beds,  themselves  largely  arkosic, 
and  thus  sometimes  mistaken  by  the  miners  for  decomposed  granite. 
Where  work  has  been  done  the  overlying  gravels  have  been  found  to 
vary  in  thickness  from  10  to  18  feet,  but  near  the  head  of  the  basin 
test  pits  show  them  to  attain  a  thickness  of  30  feet.  The  deposit  is 
made  up  of  waterwom  granite  and  quartzite  fragments,  few  of  them 
more  than  8  inches  in  diameter,  averaging  perhaps  4  inches,  in  gen- 
eral loosely  cemented.  The  gold,  worth  about  $19  per  ounce,  occurs 
as  coarse  and  fine  grains  and  is  largely  confined  to  the  lower  12  inches 
of  the  gravels  and  the  upper  18  inches  of  bedrock.  Most  of  it  is 
found  in  the  joints,  depressions,  and  loosely  assembled  parte  of  the 
latter.  In  its  areal  distribution  the  pay  streak  swings  from  one  side 
of  the  basin  to  the  other,  like  the  meanders  of  a  stream. 

BEAVER  CREEK. 

Near  the  confluence  of  Beaver  Creek  with  Big  CYeek  placers  have 
been  worked  intermittently  for  a  number  of  years,  producing  some- 
what less  than  $100,000.  They  have  been  recognized  at  three  levek, 
the  lower  being  the  recent  accumulations  along  the  vaUey  flats,  the 
upper  a  terrace  northeast  of  the  point  of  intersection  of  the  streams 
and  400  feet  above  them,  and  the  intermediate  a  terrace  on  the  same 
slope,  100  feet  above  its  base.  Most  of  the  production  has  come  from 
the  upper  terrace.  Considerable  drifting  and  shaft  work  has  been 
done  on  the  valley  level,  where  the  gravek  are  about  80  feet  thick, 
but  without  profit.  Bedrock  is  granite  gneiss,  depressions  in  which 
are  said  to  determine  the  pay  streaks. 

BOXTROB  OF  THB  PLAOSR  GOLD. 

In  many  places  in  the  district  the  source  of  the  placer  gold  has  been 
definitely  located.  The  Beaver  Creek  placers  from  their  distribution 
were  evidently  derived  from  the  upper  part  of  Beaver  Creek  cajx"^QVL, 
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and  here  the  Mayflower  and  other  veins  are  recognized.  Those  of 
Leesburg  Basin  were  derived  from  the  area  to  the  west,  for,  except 
for  Phelan  Creek,  which  is  south  of  the  principal  workdngSi  onfy 
tributaries  from  the  west  have  yielded  placer  gold.  Up  the  several 
gulches  on  the  west  side  are  situated  the  Italian,  Haidee^  Gold 
Ridge,  Gold  Dust,  and  Gold  FUnt  mines,  all  of  which  are  held  for 
free  gold,  whereas,  on  the  east  siile  of  the  basin,  no  veins  have  been 
worke<l.  On  the  other  hand,  the  Moose  Creek  placers  extend  only 
up  valleys  tributary  from  the  east  and  south,  and  on  all  of  these  the 
source  of  the  gold  is  not  clear,  for  but  one  vein,  that  of  Shoo  Fly 
mine,  has  been  locateil  to  the  east.  To  the  south  the  northwaid 
continuati<»n  of  the  Gohl  Flint  lode  is  recognized. 

▲ox  OF  THX  PLAOSXS. 

The  placers  of  the  district  occupy  erosion  basins  formed  after  the 
elevation  of  the  Eocene  erosion  surface.  (See  p.  53.)  The  earlier 
and  more  extensive  pn>bably  accumulated  during  both  Miocene  and 
Pliocene  time.  A  break  during  the  Pleistocene  is  recorded  by  a  bed 
of  pulverized  rock,  8  to  10  feet  thick,  which  is  cleariy  of  glacial 
origin.  After  the  glacial  epoch  gravel  accumulatipn  continued,  as 
shown  by  bedrock  of  glacial  till  in  the  deposits  on  PheLan  Creek,  by 
some  of  the  deposits  on  Camp  Creek,  and  by  deposits  in  some  parts 
of  the  main  valley  near  Leesburg  post  office.  The  area  around  the 
Haidee  mine,  where  the  thin  mantle  formed  by  the  disintegration 
each  winter  of  the  already  deeply  weathered  granite  bedrock  is 
washe<l  for  gold  each  spring,  indicates  that  the  accumulation  of  placer 
gold  still  continues  in  the  area. 

I-ODE   DEPOSITS. 
DISTRIBUTION. 

The  most  important  known  lode  deposits  occur  west  of  Leesburg 
in  the  granite  area,  north  of  Leesburg  along  a  fault  plane  between 
granite  and  metamorphosed  sediments;  northeast  of  the  Moose  Creek 
placers  in  the  Algonkian  se<limentary  rocks,  and  in  the  vicinity  of 
Beaver  Creek,  in  the  old  sedimentary  rocks.  In  general,  the  lodes 
strike  north  and  south  and  dip  west. 

VEIV8. 

The  deposits  occur  as  (1 )  quartz  veins  accompanied  by  stockwork 
m  granite;  (2)  replacement  veins  along  fault  planes;  (3)  replacements 
along  shear  zones;  (4)  lenses  in  schist;  and  (5)  veins  in  contact  with 
biotite  monzonite  dikes.  As  is  common,  the  several  types  grade  into 
each  other,  and  it  would  be  difficult  to  determine  which  of  them  has 
been  most  important  in  yielding  placers,  although  the  third  is  deaify 
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subordinate  in  importance  to  the  others.  The  deposits  of  the  first 
type  have  been  most  productive^  and  if  plans  for  working  the  metal- 
lized granite  adjacent  to  the  veins  prove  a  success  they  will  be  even 
more  productive  in  the  future. 

The  Italian  mine  and  properties  adjacent  represent  the  first  type. 
Here  a  fractured  zone  in  granite  extends  for  at  least  5,000  feet  in  a 
north-south  direction  and  dips  about  45^  W.  In  a  few  places  quartz 
veins  are  as  much  as  3  feet  wide,  but  they  do  not  average  more  than 
8  or  10  inches.  Although  the  larger  veins  follow  the  north-south 
course  and  dip  west,  the  innumerable  quartz  stringers,  few  of  which 
are  more  than  a  fraction  of  an  inch  wide,  traverse  the  granite  in  all 
directions,  following  fracture  lines.  In  the  quartz  and  in  some  crevices 
in  the  granite,  almost  to  the  exclusion  of  quartz,  are  pyrite,  sphalerite, 
specularite,  a  little  galena,  and  some  manganese.  In  the  past  the 
quartz  veins  have  been  worked  exclusively,  producing  about  $175,000, 
but  recently  treatment  of  the  metallized  granite,  said  to  run  from  $2 
to  $4  a  ton,  has  been  attempted.  A  test  run  of  4,000  tons  which 
plated  $2.25  a  ton  was  mined  and  milled  at  a  cost  of  87  cents  a  ton. 
The  few  specimens  secured  indicate  that  this  granite  is  not  greatly 
altered,  the  feldspars  being  comparatively  fresh  and  the  metallization 
largely  confined  to  fracture  planes. 

Replacement  veins  along  fault  planes — deposits  of  the  second 
type — occur  in  the  Gold  Dust,  Gold  Reef,  and  Gold  Flint  mines. 
Here  metamorphosed  sediments  constituting  the  hanging  wall  of  the 
vein  have  been  faulted  against  granite.  Heavy  gouge  which  accom- 
panies the  fault  in  most  places  is  sparsely  metallized,  but  next  to  it 
and  continuing  out  into  the  hanging  wall,  locally  for  20  feet  or  more 
and  as  a  much  narrower  band  on  the  footwall,  wide  coarse  pyritifer- 
ous  quartz  is  developed.  The  amount  of  gold  in  the  ore  varies  with 
the  amount  of  pyrite  present,  the  latter  being  very  irregular  in  dis- 
tribution. Aside  from  the  quartz  the  only  minerals  noted  in  these 
deposits  were  pyrite,  and  iron  and  manganese  stains. 

The  third  type — replacements  along  a  shear  zone — occurs  on  the 
Mayflower  group  on  Beaver  Creek,  where  irregular  replacements  of 
pyritiferous  quartz  follow  a  disturbed  zone  which  extends  N.  30®  W. 
TTie  country  rock  is  siUceous  schist.  A  similar  occurrence  is  Copper 
King  vein.  In  both  garnet,  accompanied  by  epidote  and  magnetite, 
appears  in  the  inclosing  rock. 

Lenses  in  schist  and  probably  also  in  granite — the  fourth  type — 
appear  to  have  been  the  source  of  much  of  the  placer  gold  found  on 
Moose  Creek.  The  country  within  the  Moose  Creek  drainage  basin 
and  east  of  the  placer  ground  was  not  examined  during  the  reconnais- 
sance, but  as  auriferous  gravels  are  reported  up  the  gulches  which 
extend  in  that  direction  and  do  not  appear  along  those  leading  west, 
most  of  the  gold  probably  came  from  the  east.    The  only  pi-operty 
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located  on  that  side  is  the  Shoo  Fly  vein,  which  is  of  the  fourth  type. 
Quartz  stringers,  however^  are  reported  from  the  granite  area  south 
and  east  of  the  placers. 

Ore  oc'cui-s  in  contact  \\ith  a  biotite  monzonite  dike — ^the  fifth 
typo— on  the  Italian  property.  The  vein,  which  is  about  2 J  feet 
wide  and  wliich  consists  of  coai-se-textured  bluish-white  quartz,  lies 
on  the  ^ootwull  side  of  the  dike.  It  dilTers  from  all  other  veins  in  the 
district  in  the  variety  and  relative  importance  of  the  minerals  present. 
Chalcopyrite  is  most  important  and  sphalerite  comparatively  abun- 
dant :  pyrite  and  galena  are  subordinate  in  amount  and  are  distributed 
irregularly  and  rather  sparsely  through  the  gangue.  This  deposit  cuts 
deposits  ot  the  fii^st  type— quartz  veins  accompanied  by  stockwork 
in  gnmito. 

Lead  or(»s  have  been  reported  recently  from  a  property  called  the 
Bull  of  the  Woods  near  Leesburg,  but  their  extent  and  chaxaotor 
are  as  vet  undetermineil. 

▲OE  AHD  OEXrSSXS. 

All  the  lode  deposits  in  the  district  are  probably  of  about  the  same 
age.  the  vein  accompanying  the  biotite  monzonite  dike  being  assigned 
to  a  later  stage  of  the  same  general  period.  Throughout  the  deposits 
coarsely  crystallizetl  quartz  is  characteristic;  in  some  garnet,  epidote, 
and  magnetite  accompany  the  ores;  in  all  pyrite  is  present,  and  more 
or  less  replacement  of  wall  rock  has  taken  place.  These  general 
characteristics  clearly  indicate  deposition  under  conditions  of  intense 
heat  and  pressure.  The  deposits  occur  both  within  the  metasedi- 
nients  aud  within  the  gi'anite,  but  in  both  near  the  contact  between 
lliose  typos  of  rock.  An  inspection  of  the  map  (PI.  I,  in  pocket) 
brings  out  very  strikingly  this  relation.  In  no  place  do  they  occur 
either  in  the  sediments  or  in  the  granite  at  a  greater  distance  than 
2  miles  from  the  contact. 

Tlxese  facts  strongly  suggest  that  the  deposits  are  genetically  related 
to  the  granite  magma  and  are  in  accord  with  a  view  that  the  solu- 
tions emanated  from  that  mass  after  its  outer  part  had  solidified. 
As  the  granite  is  of  late  Cretaceous  or  early  Eocene  age,  and  as  from 
physiographic  cviilciu*'  the  deposits  are  older  than  late  EiOcene,  it 
is  concluded  that  they  followed  closely  the  intrusion  of  the  granite. 

MINES. 

FTALIAN  KDrX. 

The  Italian  mine  is  situateil  on  Arnett  Ci-eek  3^  miles  from  Napias 
Creek  aud  ai  an  elevation  of  7,150  feet  above  sea  level.  (See  M- 
XXI,  A.)  The  property  wiis  located  in  1892  by  three  Italians  and 
operated  by  them  until  1904  when  it  was  purchased  by  the  Leesbui^g 
iuing  (\k     Recently  tliis  company  has  built  a  30-stamp  mill  and 

failed  ft  TOO-hoi-sepower  electric  plant  on  Big  Creek  at  a  point  7 
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miles  west  from  the  mine.  Development  consists  of  some  3,500  feet 
of  tunnel  and  a  shaft  240  feet  deep  and  of  a  great  many  open  cuts 
and  80  acres  of  placer  diggings.  The  total  production  of  the  property, 
exclusive  of  the  placers,  is  about  $176,000,  most  of  which  was  ex- 
tracted in  a  10-stamp  mill  prior  to  1904.  A  trial  run  of  4,000  tons 
in  the  new  mill  in  1910  plated  $2.25  per  ton  at  a  total  cost  for  mining 
and  milling  of  87  cents  per  ton. 

The  country  rock  is  the  normal  biotite  granite,  in  many  places 
greatly  fractured  and  heavily  stained  with  iron.  Cutting  the  gi-anite 
in  a  N.  60°  W.  direction  is  a  dike  of  fine-grained  dark-gray  equi- 
granular  rock,  made  up  of  biotite  and  orthoclase  together  with  a 
little  oligoclase  and  micropegmatite.  The  type  is  uncommon,  but 
the  rock  should  probably  be  classified  as  biotite  monzonite  (p.  46). 
The  granite,  when  heavily  fractured  and  iron  stained,  weathers  very 
rapidly,  breaking  down  to  an  arkose  which  is  auriferous  in  many 
places. 

The  ore  occurs  in  a  north-south  zone  about  5,000  feet  in  length 
and  up  to  300  feet  or  more  in  width.  In  this  zone  occur  innumerable 
quartz  stringers  and  a  few  narrow  quartz  veins,  the  latter  usually 
irregular  in  width  and  very  limited  in  extent.  The  veins  have 
afforded  most  of  the  production,  but  it  is  the  intention  of  the  present 
company  to  work  the  mineralized  granite,  said  to  run  from  $2  to  $4 
per  ton.  The  principal  ore  minerals  are  pyrite,  less  sphalerite  and 
pyrolusite,  and  a  little  galena.  In  the  veins  the  metallic  minerals 
are  irregularly  distributed  through  a  coarse  bluish-white  quartz;  in 
the  granite  they  constitute  almost  the  entire  filling  of  some  of  the 
narrow  joints  and  fractures,  or  are  intermixed  with  vein  quartz. 
The  single  specimen  of  granite  studied  microscopically  is  remarkably 
fresh,  the  feldspars  being  little  altered,  although  in  places  the  biotite 
is  bleached.  The  striking  feature  is  the  great  number  of  cracks 
which  traverse  the  section  in  every  direction.  Along  them  iron 
stains  are  common  and  in  places  sericite  has  developed.  In  the 
hand  specimen  specularite  also  was  noted,  although  none  appears  in 
the  slide.  Accompanying  the  biotite  monzonite  is  another  t3rpe  of 
deposit — a  coarse-textured  quartz  vein  about  2^  feet  wide,  lying  on 
the  footwaU  side  of  the  dike.  It  differs  from  the  other  deposits  in 
carrying  chalcopyrite  but  contains  almost  as  much  sphalerite  and 
a  httle  pyrite  and  galena.  The  dike  and  accompanying  ore  cuts  the 
other  deposit. 


The  Haidee  mine,  situated  li  miles  north  of  the  Italian  mine,  is 
similar  to  it  in  geologic  relations  and  character  of  ore.  Develop- 
ment on  the  property  consists  of  a  shaft  160  feet  deep  with  400  or 
500  feet  of  drifting  from  it,  and  a  tunnel  3,000  feet  long  which,  be- 
cause of  caving,  was  abandoned  before  the  vein  was  reached.  The 
vein,  which  is  inclosed  in  granite,  strikes  north  and  BOMt\i  %xA  dc^;:^ 
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57^  W.  It  is  a  fissure  filling  3  to  4  feet  wide.  The  quartz  is  coane 
textured,  and  carries  irregularly  spaced  heavy  bands  of  pyrite  cubes, 
some  of  them  3  or  4  mches  wide,  in  places  constituting  as  much  as 
one-third  of  the  vein  matter.  Intermixed  with  the  pjrrite  is  a  little 
sphalerite  and  a  very  little  galena.  Manganese  oxide  is  abundant. 
The  ore  is  said  to  have  plated  about  $7  per  ton  in  gold. 

SHOO  FLY  KZirX. 

The  Shoo  Fly  ledge,  the  first  l(M*ation  in  the  district,  was  diseov- 
ered  through  large  and  high-grade  bowldera  of  vein  matter  strewn 
along  the  liillside  below  its  outcrop.  It  was  made  up  of  irregular 
lenses  of  quartz  inclused  in  ^  ^schist."  Although  the  ore  was  high 
grade  in  places,  it  never  gave  aatisfactorj-  returns.  About  S75,000 
is  said  to  have  been  produced,  chiefly  from  the  residual  quartz 
bowlders. 

GOLD  FLDTT  Mm. 

The  Ciold  Flint  luine  is  situated  1^  miles  north  of  Leesburg.  The 
property  was  located  in  1880  and  some  ore  has  been  blocked  out  but 
no  bulhon  produced.  The  vein,  which  is  developed  by  about  1,200 
feet  of  tunnels,  occurs  along  a  fault  plane  which  strikes  N.  18®  E.  and 
dips  45®  NW.  It  throws  Algonkian  sedimentary  rocks  against  late 
Cretaceous  granite.  The  deposit  is  of  replacement  origin,  the  best 
ore  occurring  next  to  the  heavy  gouge  which  accompanies  the  fault 
plane,  and  from  there  grading  out  into  the  sediments,  so  that  in 
most  places  about  20  feet  is  visibly  mineralized.  The  minerals 
noted  were  pyrite  and  manganese  and  iron  oxides.  Gold,  accom- 
panied by  some  silver,  is  claimed  in  amounts  of  about  S5  per  ton. 

It  is  worthy  of  note  that  the  Wards  Gulch  placei-s,  which  produced 
about  $1,000,000,  extend  headward  to  the  intersection  with  this 
deposit  but  not  farther ;  also  that  the  placer-gold  found  here  differed 
from  that  in  most  other  parts  of  the  Leesbui'g  basin  in  the  high  per- 
centage of  silver  present,  an  amount  sufficient  to  reduce  the  gold 
content  to  $14  an  ounce.  These  facts  are  in  perfect  accord  with  the 
idea  that  the  placei's  of  the  T^eesburg  basin  were  derived  from  the 
Gold  FUnt  ledge  and  the  several  others  south  of  it. 

GOLD  DUST  MOTE. 

The  Gold  Dust  mine  is  situated  across  Wards  Gulch,  south  of  the 
Gold  Flint  mine,  and  in  its  broader  features  is  similar  to  that  deposit. 
The  ore  either  follows  a  fault  parallel  to  that  m  the  Gold  Flint  mine 
or  the  same  one  which  has  been  offset  to  the  east  in  its  southern  part 
by  a  cross  fault  along  the  line  of  Wards  Gulch.  The  ore  bodies  are 
considerably  broken  and  mhieralization  is  not  intense.  A  10-stamp 
mill,  which  ran  about  90  days,  is  situated  on  the  j)roperty. 
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GOLD  &ZDOX  KZirX. 

The  Grold  Ridge  mine  is  situated  on  the  same  fault  zone  as  the  Gold 
Flint  and  the  Gold  Dust.  It  is  developed  by  about  1,000  feet  of 
tunnel  and  raises.  A  10-«tamp  mill  and  a  50-ton  cyanide  plant 
which  operated  for  parts  of  two  years  are  situated  near  the  principal 
portal.    The  ore  is  low  grade,  probably  running  $2  to  S3  a  ton. 

COPPER  KINO  Mnrx. 

Copper  King  Mountain,  on  which  the  Copper  King  property  is 
situated,  rises  a  few  hundred  feet  above  the  plateau  area,  13  miles 
northwest  of  Leesburg.  Development  consists  of  about  600  feet  of 
tunnel  and  shaft  work.  The  country  rock  is  quartzite,  locally  includ- 
ing gametiferous  mica  schist;  it  strikes  N.  25°  W.  and  in  general  dips 
about  46°  NE.,  whereas  the  vein  strikes  N.  46°  E.  and  dips  75°  NW. 
The  latter,  which  averages  perhaps  2  feet  in  width,  is  accompanied  by 
many  parallel  stringers  separated  from  each  other  and  from  it  by 
mineralized  wall  rock.  The  mineralized  zone  thus  defined  is  some 
40  feet  across.  The  quartz  near  the  surface  has  been  intricately  frac- 
tured and  generally  leached  of  its  metallic  content.  In  the  lowest 
workings,  about  200  feet  below  the  surface,  the  minerals  noted  are 
scattered  pyrite,  chalcopyrite,  and  magnetite,  and  abundant  oxidation 
products  from  them. 

1IATFI.OWBX  •EOVP. 

The  Mayflower  group  includes  three  patented  claims  situated  at  an 
elevation  of  5,200  feet  on  the  south  wall  of  Beaver  Creek  canyon, 
about  3J  miles  above  its  junction  with  Big  Creek.  Little  work  has 
been  done  on  the  deposits,  which  consist  of  replacements  along  a 
brecciated  zone  in  sihceous  schist.  In  some  places,  owing  to  leaching 
of  pyrite  and  chalcopyrite,  the  quartz  is  extensively  honeycombed 
but  in  others  it  is  not  metallized.  The  brecciated  material  accom- 
pan3ring  the  quartz  is  locally  almost  entirely  made  up  of  garnet  \\4th 
associated  e[)idote  and  magnetite.  Tlie  ])roperty  is  held  for  copper, 
gold,  and  silver. 

BT7BBKA  DISTBICT. 

srruATioN. 

The  Eureka  mining  district  includes  a  narrow  strip  of  country 
extending  along  the  western  side  of  Salmon  Valley,  possibly  15  miles 
above  and  an  equal  distance  below  Salmon.  Westward  it  extends  to 
the  crest  of  the  mountain  slope,  and  eastward  Salmon  and  Lemhi 
rivers  may  be  taken  as  the  boundary.  It  thus  includes  the  north 
end  of  Lemhi  Range.  Moose  Creek,  beyond  the  summit  to  the 
northwest,  is  sometimes  included  in  the  Eureka  and  sometimeB  in  the 
Mackinaw  district,  but  as  its  depositB  can  be  more  advantageously 
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deBcribed  with  those  of  the  latter  area,  it  is  discussed  in  connection 
with  them.     (See  p.  149.) 

The  mining  of  the  precious  metals  is  confined  entirely  to  lode 
deposits.  Many  claims  have  been  located,  but  even  collectively  they 
have  afforded  but  little  bullion,  $150,000  being  a  liberal  estimate  for 
the  total  production.  If,  however,  Moose  Creek  is  included  in  the 
district,  the  estimate  should  be  increased  by  about  $1,000,000. 

TOPOGRAPHY. 

In  its  southern  part  the  district  is  trenched  to  a  depth  of  4,000  feet 
or  more  by  Salmon  River.  Northward  the  western  wall  continues 
for  the  full  width  of  the  district;  the  eastern  one,  however,  swings 
east,  forming  the  end  of  Lemhi  Range  and  thence  continues  south- 
east. Indenting  the  otherwise  r^ular  slopes  of  the  mountains  are 
many  deep  narrow  gulches,  rounded  by  glaciation  in  their  upper  parts, 
but  narrow  and  V-shaped  below. 

GEOLOGY. 

Both  Algonkian  quartzites  and  Miocene  lake  beds  are  exposed  in 
the  area,  the  latter  along  the  lower  mountain  slopes  and  the  former 
in  their  upper  reaches.  The  older  rocks  are  predominantly  dark- 
gray  quartzites  which  m  general  strike  north  and  south  and  dip  east, 
although  locally  the  dip  is  to  the  west.  Overlying  these  below  an 
elevation  of  5,700  feet  are  the  Miocene  beds,  made  up  of  indurated 
clays  and  sandstones,  and  a  very  few  beds  of  conglomerate.  Perhaps 
1,500  feet  of  these  beds  is  exposed  in  the  area.  In  their  lower  part 
they  are  commonly  light  gray,  but  above  are  conspicuous  beds  of 
maroon  color. 

The  gray  granite  intrusion,  widely  exposed  in  the  Mackinaw  dis- 
trict, extends  into  the  northwest  part  of  the  Eureka  district.  The 
rock  is  readily  distinguished  by  its  gray  color,  medium  to  coarse 
gi-anular  texture,  fresh  appearance,  and  constituents — orthoclase, 
quartz,  and  biotite.  It  is  probably  of  late  Cretaceous  or  early  Eocene 
age.  From  early  Eocene  to  middle  Tertiaiy  no  igneous  activity  is 
recorded,  but  since  then  there  have  been  several  periods  of  eruption. 
A  rock,  noteworthy  because  it  has  been  recently,  though  not  success- 
fully, exploited  for  aluminum,  is  exposed  along  Jesse  Creek  west  of 
Salmon.  It  is  dull  white  with  phenocrysts  of  euhedral  quartz  scat- 
tered through  a  greatly  decomposed  groundmass.  Although  the 
feldspars  are  too  greatly  altered  for  identification,  it  is  thought  that 
the  rock  is  rhyolite.  It  is  inclosed  in  the  lake  beds  just  below  the 
maroon  shales.  The  lavas  of  the  district  are  best  exposed  in  its 
southern  part  at  the  entrance  to  Salmon  Canyon,  where  two  thick 
flows  of  rhyolite  are  separated  by  massive  audesite.     The  three, 
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possibly  aggregating  1,200  feet  in  thickness,  are  apparently  conform- 
able and  dip  10°  to  20°  N.  Yet  another  type  of  eruptive  occurs  in 
a  small  area  near  the  summit  of  Baldy  Mountain.  It  is  a  basalt, 
fine  grained  and  of  greenish-black  color. 

ORE   DEPOSITS. 

Both  gold  and  copper  ores  are  found  in  the  district,  but  neither  has 
proved  very  important,  and  only  the  gold  has  been  mined.  During 
the  spring  of  1910  several  claims  were  staked  in  the  area  of  the  lake 
beds  west  of  Salmon,  and  a  company  was  formed,  capitalized  at 
$2,000,000,  for  the  purpose  of  extracting  aluminum  from  material 
found  in  this  locality.  The  rock  is  a  decomposed  eruptive,  probably 
rhyolite.  It  is  hardly  necessary  to  say  that  aluminum  has  not  been 
extracted  in  commercial  amounts.  Coal  of  sufficient  purity  to  find 
a  local  market  has  been  worked  to  a  limited  extent  on  Jesse  Creek 
(p.  83). 

The  properties  held  exclusively  for  gold  lie  high  up  on  the  mountain 
side  northwest  of  Salmon  in  a  belt  about  6  miles  long.  They  include 
the  U.  P.  &  Burlington,  Queen  of  the  HiUs,  and  Tendoy  mines.  In 
each  the  ore  occurs  as  veins  in  granite,  near  its  contact  with  quartzite. 

Two  parallel  veins  have  been  recognized  in  the  northern  part  of 
the  belt,  three  in  the  central  part,  and  one  in  the  southern.  Within 
the  deposits,  which  are  bounded  by  parallel  walls  5  to  10  feet  apart, 
gouge  and  quartz  are  found.  The  quartz  is  coarse  and  occurs  as 
lenses,  stringers  following  the  hanging  or  foot  wall,  and  fillings  between 
blocks  of  gouge.  In  few  places,  however,  does  it  constitute  as  much 
as  one-third  of  the  entire  filling.  Within  the  veins  the  ore  occurs  in 
shoots  which  in  general  pitch  more  than  45®  S.  Of  the  metallic 
minerals  which  occur  within  them,  pyrite  is  most  important,  chalcopy- 
rite  is  generally  present,  and  galena  is  rare.  These  minerals  occur  in 
isolated  crystals,  irregular  bunches,  and  in  some  places  in  parallel 
bands.  The  gold  seems  to  vaiy  in  amount  with  the  pyrite.  The 
workings  are  all  within  the  zone  of  oxidation,  so  that  the  primary 
minerals  are  seen  only  in  protected  places;  in  their  stead  limonite, 
bomite,  malachite,  azurite,  and  possibly  cerusite  are  present.  Man- 
ganese stains  are  common  in  the  ore. 

The  copper  deposits  are  inclosed  in  schists  and  quartzites.  They 
lie  south  of  Salmon,  both  east  and  west  of  the  river,  and  where  seen 
comprise  quartz  fillings  and  impregnations  along  sheared  zones.  In 
general  these  deposits  are  poorly  defined,  within  them  scattered 
bunches  and  films  of  chalcopyrite,  in  many  places  changed  to  bomite, 
malachite,  or  azurite,  constitute  the  principal  mineralization. 

The  type  of  ores  found  in  the  Eureka  district  and  their  mode  of 
occurrence  leads  to  their  correlation  with  the  deposits  of  the  Mackinaw 
district,  which  are  believed  to  be  of  late  Cretaceous  or  early  Eocene 
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age  (p.  152).    Like  ihe  Mackinaw  tlepoaits,  those  of  the  Eureka 
district  are  thought  to  be  genetically  related  to  the  granitic  intrusion. 

MINES. 
QUXSV  or  THE  HILLS  HIVX. 

The  Queen  of  the  Hills  minei  owned  by  the  Copper  Queen  Mining 
&  Smelting  Vo.y  is  situated  7  niiles  northwest  from  Salmon  at  an 
elevation  of  5,800  feet  on  Dryer  gulch.  Location  was  made  in  the 
early  eighties  but  active  development  did  not  commence  until  1898. 
Since  then,  about  9,000  feet  of  work  has  been  done,  the  mine  being 
openeil  on  five  levels  and  to  a  maximum  depth  of  400  feet.  The 
production  is  about  S80,000  in  gold  bullion,  most  of  which  has  been 
extracted  by  a  15-stamp  mill  situated  on  the  property. 

Three  veins,  all  in  granite,  have  been  explored.  They  strike 
N.  27^  E.  and  one  (Queen  vein)  dips  80*^-85°  SE.;  the  other  two 
(Nellie  and  Eva  veins)  dip  in  the  opposite  direction  at  about  the 
same  angle.  The  Eva,  the  most  westerly  vein,  occurs  as  a  band  of 
quartz  8  to  14  inches  wide,  following  one  or  the  other  wall  of  a  5-foot 
brecciated  zone.  The  Queen  (the  central  vein)  follows  a  zone  about 
12  feet  wide,  possibly  one-half  of  which  is  made  up  of  quartz,  either 
as  distinct  bands  or  filling  interstices  between  granite  fragments. 
The  Nellie  vein  is  similar  to  the  Queen. 

The  ore  occurs  in  shoots,  five  of  which  have  been  found — two  in 
the  Nellie  vein,  two  in  the  Queen,  and  one  in  the  Eva.  They  all 
pitch  from  45^  to  55^  8.  In  them  the  quartz  is  of  the  coarsely 
crystalUne  variety  common  to  all  parts  of  the  vein,  but  scattered 
through  it  irregularly  are  crystals  of  i)yrite,  chalcopjrrite,  and  a  little 
galena,  together  with  their  oxidation  products,  chief  of  which  are 
limonite  and  malachite.  Gold  is  thought  to  be  associated  with  the 
pyrite,  for  it  is  said  to  vary  in  amount  with  that  mineral.  The 
average  gold  content  for  the  Eva  shoot  is  said  to  be  $3.50  per  ton, 
though  in  a  small  stope  near  the  surface  the  average  was  $18  and 
in  another  on  the  fifth  level  it  was  $19.40  per  ton.  The  better  ore  in 
the  Nellie  vein  is  said  to  run  from  $5  to  $8. 

U.  p.  A  BURLINOTON  MOTE. 

The  U.  P.  &  Burlington  mine  is  situated  at  an  elevation  of  8,600 
feet  on  the  mountahi  slope  west  of  Salmon.  Development  includes 
six  tunnels,  distributed  up  the  mountain  side  at  elevations  100  feet 
apart,  and  a  shallow  shaft  beyond  the  upper  one,  in  all  about  2,000 
feet  of  work.  A  10-stamp  mill,  which  has  treated  a  small  tonnage 
of  ore,  is  situated  on  the  property.  The  total  production  is  peihiaps 
a  few  thousand  dollars,  $800  having  been  derived  from  the  last  mdll 
run  of  40  tons. 
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The  vein,  which  strikes  N.  42*^  E.  and  dips  SO^-S?"*  NW.,  lies  in 
the  granite  about  100  yards  from  its  contact  with,  the  quartzites. 
The  walls  are  firm  and  about  5  feet  apart,  the  interim  being  filled 
with  coarse  gouge  and  vein  matter.  In  most  places  the  vein  is  about 
10  inches  wide,  but  locally  it  widens  to  2  feet  or  narrows  to  a  stringer. 
In  some  places  it  is  split  into  two  or  more  parallel  bands,  separated 
by  gouge.  The  quartz  is  clear  and  coarsely  crystalline  and  contains 
a  few  vugs  lined  with  crystals  of  the  same  material.  Pyrite  occurs 
in  coarse  isolated  cubes,  bunches  of  cubes,  and  in  a  few  fine-grained 
bands.  It  varies  greatly  in  amount,  in  places  constituting  as  much 
as  15  per  cent  ot  a  face,  and  in  others  being  entirely  absent.  It  is 
claimed  that  1,000  tont  of  ore  of  milling  grade  are  blocked  out. 

JOHir  TOBHXT  OROtrP. 

The  John  Tormey  group  of  claims  is  situated  7  miles  south  of 
Salmon  and  3  miles  up  Corral  Creek,  on  the  north  side.  Development 
consists  of  two  tunnels,  each  about  225  feet  deep,  and  several  small 
prospect  openings.  The  tunnels  are  about  a  half  mile  apart  and  on 
different  lodes.  Both  are  in  Algonkian  schist  and  quartzite,  the  ore 
occurring  along  a  disturbed  zone  as  small  quartz  veins,  as  fillings 
of  the  interstices,  and  as  impregnations  in  the  schist. 

The  deposits  strike  N.  35^-60^  W.  and  dip  northeast  at  high 
angles.  Rather  sparsely  and  irregularly  scattered  through  the  lode 
material  are  pyrite  usually  changed  to  limonite,  and  chalcopyrite 
usually  altered  to  malachite,  azurite,  or  bomite.  The  claims  are 
held  for  copper. 

TSVDOYMXVB. 

The  Tendoy  mine  is  located  2  miles  north  of  the  Queen  of  the  Hills 
mine.  Two  veins,  developed  by  about  400  feet  of  tunnels,  have  been 
worked  and  a  small  amount  of  bullion  recovered  with  a  2-stamp 
Nissen  mill  located  on  the  property.  This  miue  was  not  visited,  but 
it  is  stated  that  the  ore  and  its  occurrence  is  similar  to  that  at  the 
Queen  of  the  Hills. 

OTHSB  PROPERTIES. 

Several  prospects  are  situated  on  the  north  end  of  Lemhi  Range 
along  its  middle  and  upper  slopes.  None  of  these  has  produced  and 
only  a  little  development  has  been  accomplished.  Both  gold  and 
copper  are  reported. 

BLACKBHtD  DISTBICT. 
SITUATION    AND   HISTORY. 

The  Blackbird  mining  district,  situated  in  the  west-central  part  of 
Lemhi  County,  merges  by  indefinite  boundaries  into  the  Mackinaw 
district  on  the  north,  the  Eureka  district  on  the  east,  and  the  Yellow 
Jacket  district  on  the  southwest.    The  area  is  traversed  by  the 
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Salmon-Forney  stage  road,  from  which  branches  extend  up  Black- 
bird and  Musgrove  creeks.  Salmon,  35  miles  to  the  northeast,  is 
the  supply  point  for  the  district. 

The  district  was  discovered  in  1893  and  most  of  the  claims  were 
located  during  the  three  years  following.  (See  PL  XXII.)  All  the 
properties  were  held  for  gold  until  the  latter  part  of  1896,  when  copper 
was  recognized  in  workable  amounts.  In  1899  twenty-nine  claims 
were  bonded  by  the  Blackbird  Copper-Gold  Mining  Co.,  and  during 
the  next  two  years  about  1,400  feet  of  development  work  was  done. 
The  group  was  then  patented  and  work  was  suspended.  Cobalt  and 
nickel  were  first  taken  into  account  in  1901,  when  John  Beliel,  of 
Leesburg,  located  a  group  of  fourteen  claims  along  the  west  fork  of 
Blackbird  Creek.  Although  mining  operations  have  been  at  a  stand- 
still for  the  past  12  years,  a  small  group  of  men  have  lived  in  the 
camp  continuously  and  hold  ground  adjacent  to  the  principal  property. 
The  production  of  the  district  is  confined  to  a  few  mill  and  smelter 
tests. 

TOPOORAPHT. 

The  district  comprises  a  heavily  wooded  and  deeply  trenched  table- 
land 7,500  to  8,000  feet  above  sea  level.  Blackbird  Creek,  after 
which  the  district  is  named,  heads  near  the  center  of  the  area  and 
flows  east  in  a  deep  narrow  valley  some  7  miles  long.  Big  Creek,  the 
major  drainage  line,  occupies  a  trench  from  2,000  to  3,000  feet  deep, 
which  extends  along  the  east  and  north  boundaries.  Other  streams 
are  Musgrove  (-reek,  which  flows  east  in  ilie  southern  part  of  the 
dist rict ,  and  Little  Deer  Creek,  which  flows  Jiortli  in  the  northern  part. 
All  the  streams  live  throughout  the  year  and  Big  Creek  affords 
opportunity  for  the  development  of  considerable  water  power. 

GEOLOGY. 

The  most  widespread  rocks  of  the  area  are  mica  schists  and  quarts- 
ites  of  Algonkian  age.  They  are  extensively  though  not  intensely 
metamorphosed.  In  general  reciystallization  is  complete,  and  in 
places  garnet,  epidote,  and  ciiiasloUle  are  strikingly  developed.  On 
the  other  hand,  cnimpUng  is  not  conspicuous,  and  in  many  places, 
nearly  always  in  quartzite  areas,  bedding  structure  may  be  easily 
recognized.  In  general  the  series  strikes  60°-80°  E.  and  dips  40®- 
60°  NW.  It  is  crossed  by  a  strong  joint  system,  which  strikes  N. 
10°-40°  W.  and  dips  about  80°  SW. 

The  igneous  rocks  in  the  Blackbird  district  include  granite,  gabbro, 
lamprophyre  (minette),  rhyoUte  porphyries,  and  rhyoUtes.  The  nor- 
mal biotite  granite,  widely  distributed  to  the  north,  is  exposed  in  the 
northeast  comer  of  the  area.  Near  its  margin  there  is  a  decided 
decrease  in  the  amount  of  quartz  and  an  increase  in  the  amount  of 
microperthite.     Gabbro  dikes,  mostly  extending  in  a  north  and  south 
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lodes  or  lenses  and  disseminations,  which  are  laJrgely  due  to  repUce- 
ment. 

The  Moose  Creek  veins  are  quartz  fillings,  some  of  which  aveng? 
as  much  as  4  feet  in  width.  They  have  a  general  strike  of  N.  40^  W. 
and  are  principallj  found  on  the  steep  northern  side  of  the  yaUej. 
The  quartz,  which  is  extensively  fractured,  is  everywhere  fine  grained, 
and  in  places  includes  angular  fragments  of  wall  rock.  No  prinuiiy 
minerals  were  seen  in  the  veins,  but  the  presence  locally  of  exteime 
iron  and  manganese  stains  along  the  fnacture  planes  suggests  that 
pyrite  and  some  manganese  mineral  are  distributed  irreguliLrly 
through  the  unaltered  ore.  Gold,  with  traces  of  silver,  occuis  in 
those  parts  where  metallic  oxides  are  most  abundant.  It  is  mte- 
worthy  that  of  the  several  veins  recognized,  only  one  has  been  found 
to  contain  the  precious  metal  in  sufficient  amounts  to  constitute 
an  ore.  In  this  vein  the  principal  shoot  averages  about  $20  a  ton 
in  gold. 

The  Blackbird  and  Little  Deer  Creek  lodes  differ  markedly  from 
the  above  in  mode  of  occurrence  and  mineral  assemblage.  These 
deposits  are  distributed  rather  uniformly  throughout  the  are^  in 
which  they  occur.  Though  commonly  lenslike  bodies,  they  assume  in 
places  the  broadly  tabular  form  of  veins,  as  on  the  Uncle  Sam  cUim. 
Again,  the  deposits  occur  as  bunches  or  disseminations  along  certain 
favored  zones.  On  the  Hawkeye  group  irregular  bunches  of  ore  up 
to  4  or  5  inches  in  diameter  are  sparsely  scattered  through  a  gabbro 
dike.  Their  prevailing  strike  is  N.  10^-40**  W.  with  dip  about  7S' 
SW.,  although  it  is  not  unconmion  to  find  ore  extending  in  a  general 
east-west  direction  and  dipping  south.  The  Beliel  lodes,  peAaps 
most  important  among  the  cobalt-nickel  deposits,  strike  N.  40**-oO'^ 
E.,  and  dip  70^-80®  SE.  The  deposits  are  predominantly  of  ^eplac^ 
mcnt  origin,  most  of  the  metallic  minerals  being  distributed  as 
bunches,  lenses,  or  disseminations  along  iD-defined  zones  in  the 
country  rock.  (See  PL  XII,  p.  71.)  Elsewhere  irregular  veins, 
stringers,  and  lenses  of  coarsely  crystalline  quartz  contain  the  ore 
minerals. 


Most  conspicuous  among  the  minerals  of  the  district  are  the 
oxidation  pn^duots  of  copjx^r,  iron,  manganese,  cobalt,  and  nickrf, 
ench  of  which  is  of  strikin<r  color;  malachite,  the  deep-green  copper 
carbmiato:  limonite.  the  ytllow  hydrous  iron  oxide;  pyrolusite,  the 
iluU-brown  manganese  oxide:  orythrite,  the  pink  to  peail-gray  cobalt 
bliH>m:  and  annabor^rito,  the  pale  apple-green  nickel  compound. 
KnowUnlire  is  lanroly  lacking  in  regard  to  the  cobalt  and  nickel  ores, 
but  is  fairly  dotinite  as  to  tlie  others.  In>n  occuis  in  pyrite, pynhotite, 
arsenopyriU\  and  loss  commonly  in  magnetite.  A  spedmen  of 
sivlorite  was  examined  frx^m  the  northern  part  of  the  area,  but  whether 
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it  is  primary  or  secondary  is  not  known.  Beautiful  botryoidal 
hematite  occurs  in  the  oxidized  ore  of  the  Big  Chief  claim.  The 
source  of  the  secondary  manganese  is  not  clear,  althougih  rhodochro- 
site  was  seen  in  a  few  places  in  such  relations  as  to  suggest  its  pri- 
mary origin.  At  least  two  cobalt  minerals  occur  in  the  area,  and 
both  are  probably  primary.  .  One  is  a  reddish-gray  mineral,  probably 
cobaltite.  In  thin  section  (from  Gray  Eagle  claim)  it  occurs  as  very 
small  grains,  bunched  in  very  poorly  defined  lenticular  areas,  and  re- 
places biotite  and  quartz  in  a  gametiferous  biotitic  quartzite  (PL  XII, 
B,  p.  71).  The  oUier  mineral,  which  affords  the  cobalt  ore  on  the 
west  end  of  the  BeUel  group,  occurs  as  minute  grains,  fairly  evenly 
distributed  through  the  mass.  Where  most  closely  spaced  they 
give  the  rock  a  steel-gray  appearance,  notably  lacking  the  reddbh 
hue  of  the  cobaltite  (?)  described  above.  Although  the  specimens 
did  not  permit  definite  chemical  tests,  the  color  suggests  smaltite. 
No  primary  nickel  mineral,  unless  certain  small  indistinct  crystals 
in  the  oje  of  the  Togo  claim  are  niccolite,  was  recognized;  but  in 
almost  every  place  where  nickel  bloom  appears  pyrrhotite  is  present, 
thus  suggesting  that  the  nickel  occurs  as  nickeliferous  pyrrhotite — 
a  relation  borne  out  by  analysis  of  a  specimen  of  pyrrhotite  (from  the 
Togo  claim)  which  gave  0.8  per  cent  nickel. 

AGB  AHD  OSirSSIB. 

All  the  deposits  of  the  district  are  inclosed  in  Algonkian  schists 
and  quartzites  or  in  basic  dikes  which  cut  them.  Thus,  the  nature 
of  the  inclosing  rock  throws  little  light  on  their  age.  Those  on  Mus- 
grove  Creek,  however,  from  their  crustification,  lack  of  evidence  of 
replacement,  fine-grained  quartz,  and  general  association  with  rhyo- 
lite  dikes,  are  considered  much  younger  than  those  on  Blackbird  and 
Little  Deer  creeks.  The  latter  are  due  largely  to  replacement,  con- 
tain much  pyrrhotite,  and  some  magnetite,  have  coarse-textured 
quartz  gangue,  and  are  exceptional  in  that  traces  of  cobalt  or  nickel, 
or  both,  are  nearly  everywhere  present.  Both  types  of  deposits,  in 
that  they  occur  far  up  on  the  sides  of  the  valleys  which  probably  date 
from  the  early  Pliocene,  are  considered  as  of  Miocene  age  or  earlier. 
On  the  other  hand,  the  nickel-cobalt  ores  are  locally  found  included 
in  gabbro,  which  is  probably  of  later  age  than  the  granite.  Thus, 
as  the  granite  is  late  Cretaceous  or  early  Eocene,  it  is  fairly  safe  to 
place  the  two  periods  of  mineralization  between  that  time  and  the 
late  Miocene,  the  veins  on  Musgrove  Creek  being  much  younger  than 
the  lodes  of  Blackbird  and  Little  Deer  Creek  basins. 

The  gold  veins  on  Musgrove  Creek  are  clearly  fissure  fillings  formed 
under  conditions  of  comparatively  low  temperature  and  pressure,  as 
shown  by  their  fine-grained  quartz,  loose  crustification,  and  the  angu- 
larity of  their  included  fragments.    They  probably  accompanied  or 
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direction,  were  noted  in  the  central  part  of  the  area.  They  are  blue- 
black  holocrystalline  rocks,  consisting  of  hornblende,  diopside,  plagio- 
dase,  and  biotite,  with  accessory  pyrrhotite,  pyrite,  titanite,  and 
apatite.  The  lamprophyre  (minette)  dikes  also  occur  in  the  central 
part  of  the  area.  They  are  fine-grained  dark  resinous  graj'*  rocks, 
consisting  ol  biotite  and  orthoclase  accompanied  by  subordinate 
amounts  of  plagioclase  and  hornblende.  They  strike  both  north- 
south  and  east-west.  RhyoUte  porphyries  and  flows  were  noted  in 
the  southern  part  of  tlie  district.  Several  dikes  of  this  material 
which  is  a  light-gray  rock  consisting  of  a  finely  crystalline  ground- 
mass  studded  with  medium-sized  quartz  crystals,  cross  the  deep, 
narrow  valley  of  J  usgrove  Creek  and  spread  out  as  flows  along  its 
topmost  slopes. 

ORE   DEPOSITS. 
DISTRIBTmOir  AND  DSVELOPXEVT. 

The  ore  deposits  as  now  known  are  confined  to  a  small  area  about 
the  head  of  Little  Deer  Creek,  the  upper  basin  of  Blackbird  Creek, 
and  an  area  about  a  mile  above  the  mouth  of  Musgrove  Creek.  Id 
the  two  former  localities  copper,  cobalt,  nickel,  and  gold  are  present, 
but  in  the  latter  only  gold  has  been  found.  Few  districts  present  a 
more  general  distribution  of  outcrops  sufficiently  attractive  to  lend 
reasonable  encouragement  to  the  prospector  than  are  to  be  found  in 
the  north  and  central  part  of  the  zone  of  mineralization  as  thus 
defined.  Float  heavily  stained  by  manganese,  iron,  and  copper  (and 
much  of  it  also  by  cobalt  and  nickel)  can  be  found  almost  anywhere 
about  the  heads  of  Blackbird  and  Little  Deer  creeks.  On  Musgrove 
Creek  the  float  is  stained  only  by  iron  and  manganese,  and  is  con- 
fined to  the  outcrops  of  definite  veins. 

There  are  about  150  claims  in  the  district,  some  40  of  which  are 
patented.  A  great  deal  of  gophering  and  very  little  systematic  pros- 
pecting has  been  done,  and  as  a  result  Uttle  definite  information  con- 
cerning the  continuity  or  tenor  of  the  deposits  is  obtainable.  The 
property  of  the  Blackbird  Copper-Gold  Mining  Co.  is  an  exception, 
but  its  workings  were  under  water  at  the  time  of  visit.  Prospecting 
has  shown  that  mineralization  is  widespread,  so  tliat  the  need  of  the 
district  at  present  is  systematic  exploration  of  the  better  showings; 
in  order  to  determine  whether  or  not  the  deposits  are  of  commercial 
value.  The  proximity  of  ground  water  to  the  surface  has  been  a  seri- 
ous handicap  to  the  prospector  and  has  led  to  the  abandonment  of 
most  shafts  at  depths  of  less  than  30  feet. 

vEnrs. 

Two  distinct  types  of  deposits  are  recognized:  the  Moose  Creek 
Veins  or  fissure  fillings,  and  the  Blackbird  and  Little  Deer  Creek 
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lodes  or  lenses  aiid  disseminations,  which  are  largely  due  to  replace- 
ment. 

The  Moose  Creek  veins  are  quartz  fillings,  some  of  which  average 
as  much  as  4  feet  in  width.  They  have  a  general  strike  of  N.  40°  W. 
and  are  principally  found  on  the  steep  northern  side  of  the  valley. 
The  quartz,  which  is  extensively  fractured,  is  everywhere  fine  grained, 
and  in  places  includes  angular  fragments  of  wall  rock.  No  primary 
minerals  were  seen  in  the  veins,  but  the  presence  locally  of  extensive 
iron  and  manganese  stains  along  the  fracture  planes  suggests  that 
pyrite  and  some  manganese  mineral  are  distributed  irregulaily 
through  the  unaltered  ore.  Gold,  with  traces  of  silver,  occurs  in 
those  parts  where  metallic  oxides  are  most  abundant.  It  is  note- 
worthy that  of  the  several  veins  recognized,  only  one  has  been  found 
to  contain  the  precious  metal  in  sufficient  amounts  to  constitute 
an  ore.  In  this  vein  the  principal  shoot  averages  about  $20  a  ton 
u\  gold. 

The  Blackbird  and  Little  Deer  Creek  lodes  differ  markedly  from 
the  above  in  mode  of  occurrence  and  mineral  assemblage.  These 
deposits  are  distributed  rather  uniformly  throughout  the  areas  in 
which  they  occur.  Though  commonly  lenslike  bodies,  they  assume  in 
places  the  broadly  tabular  form  of  veins,  as  on  the  Uncle  Sam  claim. 
Again,  the  deposits  occur  as  bunches  or  disseminations  along  certain 
favored  zones.  On  the  Hawkoye  group  irregular  bunches  of  ore  up 
to  4  or  5  inches  in  diameter  are  sparsely  scattered  through  a  gabbix) 
dike.  Their  prevaUing  strike  is  N.  10°-40°  W.  with  dip  about  78** 
SW.,  although  it  is  not  uncommon  to  find  ore  extending  in  a  general 
east-west  direction  and  dipping  south.  The  Beliel  lodes,  {>erhap6 
most  important  among  tlic  cobalt-nickel  deposits,  strike  N.  4O**-50** 
E.,  and  dip  70°-S0°  SE.  The  deposits  are  predominantly  of  replace- 
ment origin,  most  of  the  metallic  minerals  being  distributed  as 
bunches,  lenses,  or  disseminations  along  ill-<lefined  zones  in  the 
country  rock.  (See  PI.  XII,  p.  71.)  Elsewhere  irregular  veins, 
stringers,  and  lenses  of  coarsely  cr^'stalline  quartz  contain  the  ore 
minerals. 

ORES. 

Most  conspicuous  among  the  minerals  of  the  district  are  the 
oxidation  products  of  copper,  iron,  man<]janese,  cobalt,  and  nickel, 
each  of  which  is  of  strikinj::  color;  malachite,  the  deep-green  copper 
carbonate;  limonito,  tlio  yellow  hydrous  iron  oxide;  pyrolusite,  the 
(hiU-brown  manganese  oxide;  ciythritc,  the  i)ink  to  pearl-gray  cobalt 
bloom;  and  annaber^rite,  tlie  ])ale  apple-green  nickel  compound. 
Knowledge  is  largely  lacking  in  regard  to  the  cobalt  and  nickel  ores, 
but  is  fairly  dc^finite  as  to  the  others.  Iron  occurs  in  pjTite,  pyrrhotite, 
arsenoi>yrite,  and  less  commoidy  in  magn(»tite.  A  specimen  of 
siderite  was  examined  from  the  northern  part  of  the  area,  but  whether 
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it  is  primary  or  secondary  is  not  known.  Beautiful  botryoidal 
hematite  occurs  in  the  oxidized  ore  of  the  Big  Chief  claim.  The 
source  of  the  secondary  manganese  is  not  clear,  although  rhodochro- 
site  was  seen  in  a  few  places  in  such  relations  as  to  suggest  its  pri- 
mary origin.  At  least  two  cobalt  minerals  occur  in  the  area,  and 
both  are  probably  primary.  One  is  a  reddish-gray  mineral,  probably 
cobaltite.  In  thin  section  (from  Gray  Eagle  claim)  it  occurs  as  very 
small  grains,  bunched  in  very  poorly  defined  lenticular  areas,  and  re- 
places biotite  and  quartz  in  a  gametiferous  biotitic  quartzite  (PI.  XII, 
Bf  p.  71).  The  other  mineral,  which  affords  the  cobalt  ore  on  the 
west  end  of  the  BeUcl  group,  occurs  as  minute  grains,  fairly  evenly 
distributed  through  the  mass.  Where  most  closely  spaced  they 
give  the  rock  a  steel-gray  appearance,  notably  lacking  the  reddish 
hue  of  the  cobaltite  (?)  described  above.  Although  the  specimens 
did  not  permit  definite  chemical  tests,  the  color  suggests  smaltite. 
No  primary  nickel  mineral,  unless  certain  small  indistinct  crystals 
in  the  oje  of  the  Togo  claim  are  niccolite,  was  recognized;  but  in 
almost  every  place  where  nickel  bloom  appears  pyrrhotite  is  present, 
thus  suggesting  that  the  nickel  occurs  as  nickeliferous  pyrrhotite — 
a  relation  borne  out  by  analysis  of  a  specimen  of  pyrrhotite  (from  the 
Togo  claim)  which  gave  0.8  per  cent  nickel. 

AGS  AHD  QSHE8IB. 

All  the  deposits  of  the  district  are  inclosed  in  Algonkian  schists 
and  quartzites  or  in  basic  dikes  which  cut  them.  Thus,  the  nature 
of  the  inclosing  rock  throws  Uttle  light  on  their  age.  Those  on  Mus- 
grove  Creek,  however,  from  their  crustification,  lack  of  evidence  of 
replacement,  fine-grained  quartz,  and  general  association  with  rhyo- 
lite  dikes,  are  considered  much  younger  than  those  on  Blackbird  and 
Ldttle  Deer  creeks.  The  latter  are  due  largely  to  replacement,  con- 
tain much  pyrrhotite,  and  some  magnetite,  have  coarse-textured 
quartz  gangue,  and  are  exceptional  in  that  traces  of  cobalt  or  nickel, 
or  both,  are  nearly  everywhere  present.  Both  types  of  deposits,  in 
that  they  occur  far  up  on  the  sides  of  the  valleys  which  probably  date 
from  the  early  Pliocene,  are  considered  as  of  Miocene  age  or  earUer. 
On  the  other  hand,  the  nickel-cobalt  ores  are  locally  found  included 
in  gabbro,  which  is  probably  of  later  age  than  the  granite.  Thus, 
as  the  granite  is  late  Cretaceous  or  early  Eocene,  it  is  fairly  safe  to 
place  the  two  periods  of  mineralization  between  that  time  and  the 
late  Miocene,  the  veins  on  Musgrove  Creek  being  much  younger  than 
the  lodes  of  Blackbird  and  Little  Deer  Creek  basins. 

The  gold  veins  on  Musgrove  Creek  are  clearly  fissure  fillings  formed 
under  conditions  of  comparatively  low  temperature  and  pressure,  as 
shown  by  their  fine-grained  quartz,  loose  crustification,  and  the  angu- 
larity of  their  included  fragments.    They  probably  accompanied  or 
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dosely  followed  the  igneous  activity  recorded  in  the  rhyolite  dikes 
which  occur  in  their  immediate  vicinity  and  which  are  thought  to  be 
of  Miocene  age. 

The  genetic  relations  of  the  Blackbird-Little  Deer  Creek  lodes,  on 
the  other  hand,  are  somewhat  more  definite.  A  gabbro  dike  about 
50  feet  wide  has  been  prospected  on  the  Togo  claim.  In  places  within 
it  are  bunches  of  quartz  and  calcite  carrying  biotite,  in  the  form  of 
rosettes  up  to  one-tenth  inch  in  diameter,  intimately  intermixed  with 
pyrite  and  pyrrhotit-e.  From  the  hand  specimen  it  is  impossible  to 
make  out  whether  these  bunches  are  due  to  replacement  in  the  gabbro 
or  to  magmatic  differentiation,  but  when  studied  in  thin  sections 
the  intergrowth  of  pyrite  and  pyrrhotite  with  biotite  and  hornblende 
is  clearly  seen  and  leaves  little  room  to  doubt  that  these  metallic 
minerals  are  native  to  the  magma.  Chemical  analyses  of  pyrrhotite 
thus  occurring  record  the  presence  of  0.8  per  cent  nickel.  Along  the 
contact  of  this  dike,  and  as  stringers  and  bunches  in  the  schist  near 
by,  are  nickel,  copper,  and  cobalt  ores,  in  all  respects  similar  to  those 
occurring  elsewhere  in  the  area.  It  is  concluded,  therefore,  that  the 
ores  of  this  type  are  genetically  related  to  the  gabbro  magma  and 
were  deposited  largely  as  replacements  in  the  greatly  fractured 
metamorphic  rocks  which  it  intruded.  They  are  thought  to  date 
from  the  late  Cretaceous  or  early  Eocene. 

MINES. 


The  Blackbird  Copper-Gold  Mining  Co.  has  29  claims  in  the  central 
part  of  the  district.  Development  consists  of  three  shafts,  explora- 
tory drifts  therefrom,  and  numerous  small  tunnels — in  all  perhaps 
2,500  feet  of  work.  Since  going  to  patent,  several  years  ago,  the 
property  has  lain  idle,  so  that  the  workings  are  now  inaccessible. 

The  ore  bodies,  which  are  inclosed  in  Algonkian  schists  and  quartz- 
ites,  are  irregular  replacements  along  fracture  zones,  so  distributed 
that  in  general  outline  they  resemble  veins.  The  ore  is  sought  for 
copper  and  gold,  a  wide  zone  exposed  in  the  Brown  Bear  workings 
near  the  west  end  of  the  group  being  said  to  average  3  per  cent  of 
copper  and  $1.50  in  gold  to  the  ton. 


BELIEL  GROXTF. 


The  Beliel  group  includes  14  unpatented  claims  situated  between 
the  main  forks  of  Blackbird  Creek,  near  their  junction.  Little  devel- 
opment has  been  done  on  the  property,  although  the  position  of  the 
ledge  along  the  rugged  northern  wall  of  the  valley  affords  fairly 
satisfactory  exposures. 

The  outcrops  in  many  places  present  beautiful  red,  pink,  and  pearl- 
£ray  stains  and  incrustations — in  one  place  so  pronounced  as  to  be 


YELLOW  JACKET  DISTBICT.  165 

visible  for  a  quarter  of  a  mile  or  more  (PI.  XI,  p.  70).  The  ledge 
strikes  N.  40°-50°  E.  and  dips  TO^'-SO^  SE.,  thus  approximating 
the  strike  and  dip  of  the  inclosing  rocks.  The  ore  consists  of  min- 
eralized quartzite,  rarely  schist,  which  is  more  resistant  to  weathering 
than  the  unaltered  rock  and  stands  in  bold  outcrop.  In  it  small 
grains  of  pyrrhotite  and  pyrite  can  be  seen  with  the  unaided  eye;  in 
thin  section  numerous  specks  of  silver-gray  color,  possibly  smaltite, 
appear  irregularly  scattered  through  the  quartzite  or  sdiist  which 
they  replace.  A  sample  from  20  feet  across  the  ledge,  as  exposed  by 
tunnel  on  the  west  end  of  the  property,  ran  a  fraction  less  than  2 
per  cent  cobalt,  and  a  similar  face  on  the  east  end  afforded  2  per 
cent  nickel  and  less  than  1  per  cent  cobalt. 

XTTBOROVB  OROtTP. 

The  Musgrove  group  consists  of  five  claims  situated  on  the  north 
side  of  Musgrove  Creek,  a  mile  from  its  mouth.  The  veins  are 
quartz  fillings,  varying  from  a  few  inches  up  to  4  feet  in  width. 
They  strike  N.  40°  W.,  crossing  thel)eds  of  the  inclosing  quartzites, 
which  strike  from  N.  45°-60®  E.  Of  several  veins  only  one  has 
been  found  to  cany  gold  in  conmiercial  amounts.  This  vein  is 
made  up  of  fine-grained  brecciated  quartz  heavily  stained  in  places 
with  iron  and  manganese.  It  is  such  material  which  constitutes 
the  better  grade  of  ore — ore  averaging  about  $20  a  ion  but  in  spots 
running  as  high  as  $75.  A  considerable  tonnage  of  this  grade  has 
been  blocked  out  and  plans  are  complete  for  installing  a  cyanide 
plant. 

^  OTHXB  PB0PERTIB8. 

Many  groups  of  comparatively  undeveloped  claims  are  situated  in 
the  district.  Most  of  them  present  strong  surface .  indications,  but 
it  is  thought  that  detailed  descriptions  of  them  would  add  little  to 
the  value  of  this  paper. 

YELLOW  JACKET  DISTBICT. 
SITUATION   AND   fflSTORY. 

The  Yellow  Jacket  mining  district,  comprising  an  area  of  perhaps 
three  townships,  is  situated  in  the  western  part  of  Lemhi  County, 
about  30  miles  southwest  of  Salmon.  It  lies  southwest  of  the  Black- 
bird district  and  northwest  of  the  Gravel  Range  district.  A  wagon 
road  extends  to  Forney,  12  miles  east,  and  thence  north  to  Salmon 
and  south  to  ChaUis,  each  about  50  miles  distant.  A  trail  leads  west 
to  Thunder  Mountain.  Mail  reaches  the  camp  triweekly  from 
Salmon. 

The  Yellow  Jacket  veins,  located  in  September,  1868,  and  worked 
by  arrastres  and  a  5-stamp  mill  in  the  early  seventies,  were  among 
the  earliest,  if  not  the  earliest,  lode  deposits  recognized  in  Lemhi 
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County.  The  principal  mine,  the  Yellow  Jacket,  changed  hands 
several  times  and  was  worked  at  intervals  prior  to  1897,  when  it  was 
closed  down  and  remained  idle  until  the  spring  of  1910,  at  which 
time  it  was  acquired  by  the  Yellow  Jacket  Gold  Mining  Co.,  and 
work  was  resumed.  A  lO-stamp  mill,  erected  in  1882,  was  displaced 
by  one  with  30  stamps  nine  years  later,  and  the  capacity  of  the  latter 
was  increased  to  60  stamps  in  1895.  This  mill  is  still  standing,  as  is 
also  one  of  10  stamps  on  the  Columbia  property  and  one  of  5  stamps 
on  the  Black  Eagle  group. 

The  production  of  the  camp  has  come  largely  from  the  Yellow 
Jacket  mine,  which  is  said  to  have  yielded  about  $450,000,  the  aver- 
age saving  by  amalgamation  being  $5.50  per  ton,  or  92  per  cent  of 
the  total  content  of  the  ore.  In  the  early  days  placers  were  worked 
on  Yellow  Jacket  Creek,  but  they  did  not  produce  much  bullion. 

The  district  has  been  briefly  described  by  Eldridge,*  who  visited  it 
in  1894  in  connection  with  his  reconnaissance  across  the  State. 

TOPOGRAPHY. 

The  Yellow  Jacket  district  comprises  a  forest-clad  mountainous 
area  from  5,500  to  8,500  feet  -  above  sea  level.  The  sides  of  the 
many  deep  valleys  rise  abruptly  to  the  tops  of  rather  even-crested 
ridges  which  form  the  divides  between  the  major  streams  and  extend 
out  as  bold  spurs  between  minor  ones.  Yellow  Jacket  Creek,  which 
flows  southwTst  into  Camas  Creek,  a  tributary  to  Middle  Fork  of  Sal- 
mon River,  drains  the  area.  It  heads  within  the  district  and  receives 
many  tributaries  along  its  course.  Those  of  importance  are  Trail 
Creek  from  the  east,  two  small  streams  from  the  northwest  in  the 
vicinity  of  Yellow  Jacket,  and  Lake  and  Hoodoo  creeks,  which  unite 
and  enter  the  main  stream  about  5  miles  below  camp. 

In  the  vicinity  of  the  settlement  the  valley  is  somewhat  wider 
than  elsewhere,  so  that  for  a  stretch  of  1  to  2  miles  a  strip  of  com- 
paratively level  land,  perhaps  1,500  feet  wdde,  is  available  for  build- 
ing or  other  purposes.  Yellow  Jacket  Creek  and  most  of  its  feeders 
live  throughout  the  year  and  afford  abundant  water  for  milling  and 
other  purposes  connected  with  lode  mining. 

GEOLOGY. 

Sedimentary  rocks  of  iVlgonkian  age  prevail  throughout  the  dis- 
trict. They  arc  generally  thin  bedded  and  consist  of  crystalline 
schist,  most  of  which  is  (juartzitic,  some  micaceous,  and  a  very  little 
calcareous.  Tj-pical  (juartzitc  is  subordinate,  although  one  large 
area  was  noted  in  the  vicinity  of  Black  Kaj^jle  mine.     The  rocks  are 

»  Eldridgc,  (J.  II.,  A  geological  reconnaiasanco  across  Idaho:  Sixteenth  Ann.  Kept.  U.  S.  Qeol.  Survey, 
pt.  2,  1895,  pp.  4»-54. 
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very  uniformly  metamorphosed,  but  little  of  the  bedding  structure 
is  obliterated,  and  crumpling,  even  local  crumpling,  is  rare.  The 
structure  is  outlined  effectively  by  Eldridge,*  who  writes  as  follows: 

The  entire  region  between  Panther  and  Camas  creeks,  which  includes  the  Yellow 
Jacket  Twining  district,  has  been  in  former  times  one  of  great  dynamic  disturbances; 
folds,  flexures,  and  faults,  in  addition  to  the  intrusion  of  eruptives,  occur.  The 
structure  is,  therefore,  difficult  to  determine,  and  the  difficulty  is  increased  by  the 
similarity  of  the  schists  from  the  base  to  the  summit,  rendering  identification  of 
horizon  impossible. 

In  general  the  structure  seems  to  be  developed  along  lines  varying 
from  N.  30'*-40°  W.  but  with  local  divergences  up  to  N.  60"^  E.  and 
N.  60°  W.  Dips  are  predominantly  35°-85°  W.,  although  some  of 
40°-60°  NE.  were  noted  along  the  Forney  road,  1  to  3  miles  west  of 
the  summit.  Independent  of  the  attitude  of  the  rocks  is  a  strong 
system  of  joints  which  traverses  all  parts  of  the  area  along  lines 
N.  50°-60°  E.  Almost  at  right  angles  to  these  are  other  joints,  gen- 
erally less  conspicuous  but  still  readily  recognized  in  most  exposures. 
The  strong  northeast  joints  seem  to  have  been  lines  favored  both 
by  mineralizing  solutions  and  injected  igneous  material. 

Granite  does  not  outcrop  in  those  parts  of  the  district  which  were 
visited,  but  the  many  granite  bowlders  which  appear  along  Yellow 
Jacket  Creek  indicate  that  extensive  exposures  occur  in  the  upper 
part  of  the  drainage  basin.  Though  not  exposed  at  the  surface  in 
the  immediate  vicinity  of  the  camp,  it  is  of  course  possible  that 
granite  lies  at  no  great  depth,  a  possibility  suggested  by  numerous 
dikes  and  by  certain  metamorphic  phenomena  scarcely  assignable  to 
their  influence.  A  specimen  of  altered  calcareous  schist  from  the 
northeast  corner  of  the  Columbia  mill  contains  manv  little  veinlets 
of  calcite,  scattered  quartz  grains,  pale-green  hornblende,  poikilitic 
scapolite  (mizzonite),  and  a  few  flakes  of  biotite,  each  intergrown 
with  or  included  in  the  other.  Pyrite  is  sparsely  distributed  through 
the  section.  The  above  association  of  minerals,  together  with  their 
structure,  strongly  suggests  contact  influence.  None  of  the  dikes,  so 
far  as  noted,  have  effected  such  metamorphism,  and  none  of  them 
crop  out  within  several  hundred  feet  of  the  place  where  this  specimen 
was  taken. 

Dikes  are  conspicuous  in  the  Yellow  Jacket  district.  Seventeen 
were  encountered  in  a  traverse  of  4,500  feet  cast  from  the  Columbia 
mill,  and  as  many  are  said  to  occur  west  from  it.  With  few  excep- 
tions they  have  entered  along  the  strong  joint  planes  which  strike 
N.  50°-60°  E.  Scarcely  less  conspicuous  than  their  number  is  their 
variety.  They  include,  about  in  descending  order  of  their  numeri- 
cal importance,  rhyolite  porphyry,  granite  porphyry,  lamprophyre 
(minette),  diorite,  hornblende  monzonite,  and  diabase.     Eldridge  ^ 

>  Eldridge,  G.  II.,  op.  cit.,  p.  51. 
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in  the  county,  may  underlie  the  camp  at  no  great  depth.  In  many 
places  in  Idaho  there  is  evidence  that  mineralization  accompanied 
this  granite,  and  to  the  north  in  the  Mackinaw  district  similar  ores 
are  confined  to  the  granite  margin,  so  that  it  seems  probable  that 
these  deposits  are  genetically  related  to  a  near-by  though  concealed 
batholithic  mass  of  granite. 

MINES. 
YELLOW  JACKET  MUTE. 

The  Yellow  Jacket  mine,  which  has  produced  $450,000  in  gold, 
largely  from  ore  averaging  about  $8  a  ton,  is  situated  on  the  moun- 
tain side  three-fourths  mile  north  of  the  town  of  Yellow  Jacket.  It 
is  the  oldest  lode  deposit  in  the  camp — perhaps  the  oldest  in  Liemhi 
County,  having  been  located  in  1868.  Development  consists  of 
about  4,000  feet  of  tunnels,  crosscuts,  and  drifts,  which  reach  the  ore 
on  four  levels,  the  most  extensive  of  which  is  known  as  No.  2.  In 
addition  to  the  underground  development,  considerable  open-cut 
work  has  been  done.     (See  fig.  24.) 

The  rock  inclosing  the  veins  is  fine-grained  quartzite,  in  places 
almost  free  from  impurities,  but  more  commonly  micaceous  and 
clayey.  The  beds  strike  N.  SO^-GO"*  W.  and  dip  about  50"*  SW. 
Heavy  joints  extend  N.  50^-60°  E.  Two  faults,  both  of  which  strike 
about  N.  40^  W.  and  dip  southwest,  have  been  encountered  in  the 
mine.  The  western  fault  throws  the  vein  175  feet  west  on  the  east 
side  and  the  eastern  is  said  to  cause  a  further  displacement  to  the 
west  of  90  feet. 

The  vein,  which  is  about  15  feet  wide,  strikes  N.  50°-60®  E.  and  in 
general  dips  35°  NW.,  although  locally  increasing  to  60°  or  even  80°. 
Its  outcrop  is  an  iron-stained  honeycomb  quartz,  as  is  also  the  vein 
material  found  in  the  present  workings,  all  of  which  are  well  above 
ground-water  level.  Primary  metalUc  minerals  are  seldom  seen  in 
the  ore,  but  the  heavy  iron  stains  and  the  shape  of  the  cavities  in  the 
quartz-calcite  gangue  indicate  that  pyrite  is  the  principal  primary 
mineral.  Rarely  a  stain  of  copper  carbonate  is  seen.  As  most  of 
the  mining  and  much  of  the  exploration  (fig.  24)  have  been  west  of 
the  west  fault,  tlie  present  owners  intend  to  explore  that  part  of  the 
vein  lyin<:^  oast  of  it. 

BLACK  EAGLE  MINE. 

The  Black  Eagle  mine  is  situated  about  5  miles  northwest  of  Yellow 
Jack(*t  at  an  elevation  of  7,500  feet,  near  tlie  head  of  Hoodoo  Gulch. 
Tlie  property  was  locatcti  some  15  years  ago,  but  little  work  was 
done  until  its  acquisition  by  the  present  o\\Tiers  in  1905.  It  is 
opened  by  350  feet  of  development  tunnel.  A  5-stamp  mill,  which 
has  treated  about  500  tons  of  ore,  is  situated  on  the  property. 
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coTnLirr  rr^c  £  &  tm^-^rkizxc  btiasQ-wiute  qiuurtzite 
strikis*  X.  40'-5»>'  E.  knd  dips  70"  XW.  The  o»  is  ooaise  quart 
vitii  iijTiut.  rr;A^-gmnu».  chAlcopTriie.  and  a  linle  splialezxcey  scatters 
irr^'Abilj  a&'i  ^eziertilT  sparselr  throogii  it.  As  exposed,  Uie  Tei 
vari^  from  a  sirisger  up  to  5  feet,  aveiagiiig  peiliaps  6  inches.  ] 
ii-i  wffT)^^  for  gf.'ld. 


Trie  R^  Jacket  mine  is  situaie-i  1^  miles  north  of  the  town  < 
Yellow  Jacket,  at  an  elevatk<n  of  7.7ijO  feet.  Two  tunnels,  neither < 
which  was  explored,  appear  on  the  property.  As  seen  on  the  dum; 
tlie  ore  is  coarse  quanz  inclosing  pyrite.  chaloop3nifte,  sphaleriti 
and  galena,  decreasing! v  important  in  the  order  named.  Qxidatio 
ia  apparently  slight  in  the  deposit. 


The  Columbia  mine  is  situated  a  mile  west  of  Yellow  Jack» 
Development  consists  of  four  tunnels,  totaling  about  1,800  feet.  . 
]0-«tamp  mill  in  connection  with  the  property  is  said  to  have  treate 
only  a  little  ore.  The  workings  were  inaccessible  at  the  time  of  yisii 
but  Eldridge  *  states  that  the  deposits  are  chaloopyiite-bearing  quart 
vein.s  and  impregnations,  closely  associated  with  a  minette  dib 
The  veins  strike  X.  60^  E.     The  property  is  held  for  gold  and  silvej 

OBAVEL  BAKOE  DISTRICT. 
SrrUATION    AXD   HISTORY. 

The  Gravel  Range  mining  district  is  an  ill-defined  area  of  perhaf 
three  t/>wn.sljipS;  situated  abcjut  35  miles  in  a  direct  line  southwest  ( 
Sulmon.  It  lies  southeast  of  the  YeUow  Jacket  district  and  northeas 
of  the  I^ark  Mountain  district.  Rabbitfoot  and  Myers  Cove,  the  onl 
si'ttlenients  in  tlie  area,  are  respectively  9  miles  south  and  12  mill 
southwest  of  Forney,  the  present  terminal  of  the  Salmon  stage  lini 
From  botli  of  tlie  camps  wagon  roads  lead  north  to  Salmon  and  sout 
to  (,'hallis. 

An  arrastre  was  operated  at  Myers  Cove  (formerly  calle 
Siri^isnv  in  thr^  rarly  seventies,  and  about  the  same  time  gold  ws 
foiin*l  at  Rjibbitfoot,  wluTo  a  little  placer  work  was  done.  Sul 
slant  ial  (iPV<',lopnients,  liowever,  did  not  commence  in  the  distric 
until  1H90,  wJien  the  present  owners  began  to  operate  the  Myei 
Co VI'  [)ropi'rtv.  Consideralde  ore,  averaging  about  811  a  ton,  w« 
so(»n  bloc.k^'d  out  and  the  method  of  treatment  became  vital.  Ama 
ganiation  after  roasting  gave  11  to  20  per  cent  extraction;  cyanid 
gave  liO  to  'M  per  cent;  and  a  combination  of  clilorination  and  cyan 
<hition  v'u'MimI  70  to  00  per  cent.     A  mill  was  built  in  keeping  wit 

1  Eldridgep  O.  H.,  op.  cit.,  pp.  52-54. 
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these  tests,  but  after  running  a  month  or  six  weeks  it  was  abandoned 
as  a  failure.  The  Rabbitfoot  properties  were  first  actively  developed 
in  1905  when  a  lO-stamp  mill  was  built  and  operated  for  about  six 
months.  Prior  to  this  a  few  Chinamen  had  worked  placers  along 
Silver  Creek  below  Rabbitfoot,  but  with  doubtful  success. 

The  total  production  of  the  district  is  not  known,  but  it  is  probably 
safe  to  assume  that  it  is  less  than  $100,000. 

TOPOGRAPHY. 

The  Gravel  Range  district  comprises  westward-sloping  upland 
country,  in  most  places  7,000  to  7,500  feet  above  sea  level.  In  the 
western  part  it  is  dissected  by  the  valleys  of  Silver  and  Arrastre 
creeks  to  a  level  1,500  feet  lower.  About  the  southern  border  a 
serrate  ridge  of  late  Tertiary  eruptives  rises  1,000  to  1,500  feet  above 
the  general  level,  but  to  the  north  the  surface  grades  into  the  high, 
gravel-covered,  undulatory  surface  of  the  Prairie  Basin.  Silver 
Creek,  the  principal  stream,  heads  south  of  Rabbitfoot,  whence  it 
flows  northward  and  then  southwestward.  Its  principal  tributary 
is  Arrastre  Creek,  which  rises  in  a  group  of  cirque  basins  near  the 
south  boundary  of  the  district  and  flows  northwest  past  the  aban- 
doned settlement  of  Myers  Cove. 

GEOLOGY. 

Algonkian  schists  and  quartzites,  widely  distributed  elsewhere  in 
the  county,  are  exposed  in  only  a  few  places  in  the  district.  Indeed, 
no  outcrops  were  seen,  although  they  are  said  to  occur  half  a  mile 
east  and  a  mile  south  of  Rabbitfoot.  Their  presence  is  indicated 
also  by  quartzite  pebbles  along  the  gulches  heading  in  that  quarter. 

Bowlders  of  diorite  and  of  an  equigranular  rock,  which  when 
examined  megascopically  is  strongly  suggestive  of  quartz  monzo- 
nite,  were  noted  in  a  few  places  along  the  gulches  near  Rabbitfoot. 
Rhyolites  predominate  at  the  surface  throughout  the  district.  They 
are  widely  exposed  to  the  northwest  and  are  said  to  extend  southwest- 
ward  without  a  break  to  and  beyond  Parker  Mountain.  Associated 
with  them  are  a  few  thin  beds  of  trachyte  and  considerable  thick- 
ness of  volcanic  tuflF.  At  Rabbitfoot  the  rhyolites  may  be 
grouped  into  earlier  and  later,  the  two  separated  by  a  structural  as 
well  as  by  an  erosional  imconformity.  Near  the  mine  the  earlier 
rhyolite  flows  strike  N.  10°-20^  E.  and  dip  40°-75°  NW.,  and  the 
later  strike  a  little  north  of  west  and  dip  30°  N.  The  earlier  flows 
are  individually  much  thicker  than  the  later  and  are  usually  exten- 
sively jointed.  The  later  consist,  from  bottom  upward,  of  a  bed  of 
volcanic  mud  and  soil  with  included  carbonaceous  matter,  in  all 
about  20  feet  thick.  This  is  followed  by  a  6-foot  flow  of  rhyolite 
overlain  by  100  feet  or  more  of  rhyolite  tuff,  which  in  tiun  is  coY^iad 
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by  a  thick  flow  of  rhyolite.  Thp  contact  between  the  earlier  and  the 
later  groups  was  seen  in  a  placer  bed  100  feet  north  of  No.  1  portal 
and  in  the  north  drift  of  No.  2  tunnel.  Elsewhere  in  ihe  district 
lavas  of  two  ages  were  not  distinguishable. 

The  typical  rhyolite  is  a  light-gray  rock  consisting  of  orthoclaae 
crystals  and  quartz  grains  set  in  a  very  fine  grained  groundmasd. 
Wavy  lines  of  flow  structure  are  generally  pronounced.  Trachytes, 
nowhere  conspicuous,  resemble  the  rhyolites  but  have  less-pronounced 
flow  lines  and  no  quartz  grains.  The  rhyolitic  tuffs  are  widely  dis- 
tributed, and  locally  are  as  much  as  100  feet  thick.  They  appear  as 
chalky  white  exposures,  with  crude  bedding,  and  their  constituent 
particles  are  angular  in  outline. 

The  lavas  occupy  valleys  developed  after  the  elevation  of  the 
Eocene  surface  and,  as  they  were  extensively  eroded  before  the 
Pleistocene,  they  are  assigned  to  the  Miocene. 

GLACIATION. 

Glaciation  is  beautifully  recorded  in  numerous  cirques  about  the 
head  and  along  the  south  wall  of  Arrastre  Creek  canyon.  The  gulch 
itself  is  distinctly  U-shaped  down  to  a  few  hundred  yards  below 
Myers  Cove  mill,  where  the  knob  and  kettle  topography,  typical  of  a 
teiminal  moraine,  extends  in  a  broad  belt  across  the  valley  and  up  its 
sides  for  more  than  100  feet  above  the  present  stream  bed.  Below 
this  moraine,  which  is  about  6,300  feet  above  sea  level,  the  valley 
is  distinctly  V-shaped.  Glaciers  probably  covered  most  of  the 
district,  moving  westward  down  Silver  Creek  and  merging  north- 
eastward with  the  comparatively  large  ice  sheet  which  occupied 
Prairie  Basin  (p.  40). 

ORE    DEPOSITS. 

Within  the  district  mining  operations  have  been  mostly  confined  to 
small  areas  imincdiatoly  adjacent  to  Myers  Cove  and  Rabbitfoot. 
At  one  time  an  excitement  was  started  by  the  finding  of  opals  on 
Panther  CVcck,  oast  of  Rabbitfoot,  as  linings  and  fillings  in  the 
vesicles  of  <lark-<^ray  flossy  rhyolite,  but  they  did  not  prove  to  be 
present  in  commercial  quantities. 

All  the  deposits  kncnvn  in  tlic  district  are  inclosed  in  rhyolite.  The 
veins  at  Myers  (*ove  strike  N.  35°-40®  E.  and  dip  steeply  northwest, 
but  at  ilabl)itfo()t  ilLstinct  veins  have  not  been  recognized.  The  gen- 
eral crustification  of  the  quartz  Ls  perhaps  the  most  conspicuous 
feature  of  the  deposits.  In  general  the  wavy  bands  parallel  the  walls, 
but  in  detail  th(»y  are  in  many  places  concentrically  arranged,  either 
about  included  fragments  of  wall  rock  or  as  linings  in  partly  filled 
cavities.    In  the  richer  parts  of  the  veins  thin,  crimpy  layers  of  dark 
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color  and  dull  to  submetallic  luster  occur  parallel  to  the  crustification. 
The  quartz,  where  unaltered,  is  hard  and  flinty  but  instead  of  having 
the  usual  vitreous  luster  tends  to  a  dull  white.  On  exposure  it 
weathers  to  a  sugary  mass  with  more  or  less  clay  intermixed.  In  the 
main,  however,  it  is  more  resistant  than  the  inclosing  rhyolite  and 
stands  in  slight  relief. 

The  following  discussion  of  the  ores  is  of  necessity  based  almost 
entirely  on  the  Myers  Cove  ore  deposits,  although  it  probably  applies 
closely  to  all  deposits  of  the  district  that  are  inclosed  in  rhyolite. 
The  ores  mined  are  exclusively  gold-silver.  Assays  have  been  secured 
from  the  Monument  mine  at  Myers  Cove  which  ran  several  hundred 
dollars  per  ton,  but  on  a  broad  tonnage  basis  the  average  is  said  to 
be  about  $11.  The  vein  material  examined  microscopically  presents 
many  interesting  features.  The  quartz  is  generally  fine  grained  and 
occurs  in  bands  composed  of  grains  of  slightly  different  size.  Adu- 
laria,  commonly  occurring  in  beautiful  rhombic  crystals,  is  intergrown 
with-  the  quartz  or  included  in  it  (PL  IX,  -4,  p.  64).  Pyrite  occurs 
erratically  as  fine-grained  fillings  between  quartz  grains  and  as  small 
isolated  cubes  either  included  in  the  quartz  or  intergrown  with  it. 
Traversing  the  general  banding  of  the  ore  are  scattered  quartz  veinlets 
a  fraction  of  a  millimeter  in  width,  which  inclose  rarely  a  cube  of 
pyrite.    Adularia  was  not  noted  in  them. 

Gold  and  silver  are  said  to  be  present  in  the  ores  of  the  Monument 
vein  at  Myers  Cove  in  the  ratio  by  ounces  of  about  1  of  gold  to  18  of 
silver.  The  form  in  which  they  occur  is  not  known,  although  the 
presence  of  much  extremely  fine-grained  pyrite  suggests  that  they 
may  be  associated  with  that  mineral.  Partial  analysis  of  the  ore  by 
W.  T.  Schaller  in  the  Survey  laboratory  definitely  established  a  strong 
trace  of  selenium.  If  is  thus  possible  tbat  part  of  the  gold  and  silver 
may  be  in  the  form  of  a  selenide.     (See  also  pp.  55-56.) 

The  veins  are  obviously  younger  than  the  inclosing  rhyolite,  which 
from  its  topographic  relation  is  middle  or  late  Tertiary  (p.  173).  They 
cut  across  the  valleys  and  higher  reaches  of  the  present  rhyolite  areas 
and  hence  antedate  the  valleys,  which,  as  they  are  glaciated,  were 
Evidently  formed  in  preglacial  time.  It  follows  that  the  veins  are  of 
late  Miocene  or  early  Pliocene  age. 

Concerning  the  genesis  of  the  ores,  the  hasty  visit  necessitates 
recourse  to  analogous  conditions  in  well-known  districts.  From  their 
similarity  to  deposits  which  have  been  studied  in  detail,  these  ores  are 
thought  to  have  been  deposited  by  hot  ascending  waters  and  are  prob- 
ably to  be  assigned  to  the  later  stages  of  the  igneous  activity  which 
gave  rise  to  the  extensive  rhyolite  flows.  As  shown  at  Rabbitfoot 
they  are  later  than  the  second  period  of  rhyolitic  extrusion.  For  a 
list  of  similar  deposits  sec  page  57. 
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MINES. 
XOHTTXEirT  mHX. 

The  Monument  mine,  the  principal  property  at  Myers  Cove,  con- 
sists of  six  patented  claims  situated  on  Arrastre  Creek  near  its  junc- 
tion with  Silver  Creek.  It  is  6  miles  west  of  Rabbitfoot  and  12  miles 
southwest  of  Forney.  An  arrastre  was  operated  on  the  creek  about 
40  years  ago,  but  not  until  the  mine  was  acquired  by  the  present 
owners  in  1896  did  active  development  begin.  A.  A.  Hibbs,  Har- 
risburg,  Pa.,  is  general  manager.  Soon  thereafter  a  considerable 
amount  of  ore,  averaging  about  $11  a  ton,  was  blocked  out  and  the 
method  of  treatment  carefully  considered.  As  a  result  a  combina- 
tion clilorination  and  cyanidation  process  was  adopted.  A  mill  was 
built  but,  owing  to  very  low  recovery,  was  operated  for  only  a  month 
or  six  weeks. 

Several  small  tunnels  and  shallow  shafts  have  been  opened  on  the 
property,  but  the  principal  development  consists  of  a  double  com- 
partment incline  shaft,  which  extends  down  the  dip  of  the  vein  and 
from  which  drifts  have  been  opened  on  the  40-foot,  100-foot,  and 
200-foot  levels,  comprising  in  all  perhaps  3,000  feet  of  work.  (See 
PL  XXIII.) 

The  vein,  as  seen  at  the  surface  and  on  the  tunnel  level  (the  deeper 
workings  being  flooded  at  the  time  of  visit),  is  a  strong  quartz  lode 
striking  N.  35^-40''  E.  and  dipping  65°  NW.  It  occurs  along  a 
brecciatcd  but  sharply  defined  fissured  zone  about  40  feet  wide. 
The  greatest  mineralization  has  taken  place  along  the  hanging  wall, 
where  3  to  8  feet  of  almost  clean  quartz  is  usually  present.  The 
contact  of  this  with  the  hanging  waU  is  fairly  sharp  but  with  the 
foot  wall  it  is  gradational,  stringers  of  quartz,  invariably  with  shaip 
contacts,  becoming  less  and  less  numerous.  From  the  mine  map  it 
seems  that  two  parallel  veins  are  present,  although  but  one,  locally 
paralleled  by  strong  stringers,  was  noted  at  the  surface. 

Extensive  crushing  and  weathering  have  commonly  transformed 
the  normal  vein  filling  into  a  sugary  and  somewhat  clayey  mass. 
Wliere  unaltered  the  quartz  is  crustified  and  in  places  shows  a  fine 
ribbon  structure  due  to  dark,  crimpy  bands  of  duU  to  submetallic 
luster  Cavities,  few  of  them  more  than  an  inch  in  diameter,  and 
generally  lined  with  drusy  quartz,  are  common.  Pyrite,  nowhere 
abundant  and  occurring  only  in  very  small  crystals,  is  the  single 
mineral  seen  in  the  hand  specimen.  When  microscopically  examined, 
however,  the  ore  appears  much  more  interesting  (p.  66). 

RABBXTFOOT  (aAXE)  lONE. 

The  Rabbitfoot  mine  is  situated  in  the  eastern  part  of  the  Gravel 
Range  mining  district.  It  is  6  miles  east  of  Myers  (]love  and  9  miles 
south  of  Forney-    Although  located  in  1872,  active  exploitation  of 
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BJSOhOGT. 

Algonkian  sedimentary  rocks  are  exposed  only  in  the  deeper  gulches, 
most  of  the  surface  rocks  being  late  Tertiary  eruptives — rhyoIiteS| 
tuffs,  and  a  few  trachytes.  The  rhyolites  are  predominantly  dark 
gray  to  steel-gray  in  color  and  are  made  up  of  phenocrysts  of  quartz 
and  less  orthoclase  sparsely  set  in  a  glassy  to  fine-grained  groundmass. 
The  tuffs,  although  widely  distributed,  are  most  conspicuously  ex- 
posed just  west  of  Twin  Peaks,  where  they  are  upwards  of  300  feet 
thick,  and  consist  of  roughly  stratified  beds  of  chalky-white  color. 
Included  in  them  are  a  few  fragments  of  quartzite,  sclidst,  and  rhyo- 
Ute,  but  the  main  mass  is  an  aggregation  of  pimiice  and  angular  frag- 
ments of  quartz,  orthoclase,  and  glass.  Overlying  them  in  the  soudi 
peak  is  a  band  of  rhyolite,  possibly  500  feet  thick.  Trachyte,  similar 
to  the  rhyolite  but  without  quartz  and  generally  presenting  a  rougher 
surface  or  fresh  fracture,  is  known  to  be  present  as  thin  bands 
between  some  of  the  rhyolite  fiows.  Its  relative  importance  yrsa 
not  determined. 

ORE   DEPOSITS. 

The  short  time  available  for  looking  over  the  deposits — only  a  few 
hours — necessitated  a  very  cursory  examination.  That  they  are, 
however,  of  the  same  general  type  as  those  of  the  Gravel  Range  dis- 
trict is  perfectly  clear.  The  veins,  which  vary  in  width  from  stringers 
up  to  3  or  4  feet,  strike  N.  20''  E.  and  dip  SS"*  NW.  They  are  flasure 
fillings  with  many  angular  fragments  of  wall  rock  included.  Lateral 
spurs  leading  out  along  joint  and  fracture  planes  are  abundant,  and 
in  places  narrow  bands  of  quartz  lie  parallel  to  the  main  vein,  either 
in  the  hanging  or  foot  wall.  Broadly,  the  vein  quartz  is  crustified 
parallel  to  the  inclosing  walls,  but  in  detail  it  is  in  many  places  con- 
centrically arranged. 

The  quartz  is  fine  grained.  When  examined  in  thin  section,  it  is 
seen  that  the  crustified  appearance  is  due  to  alternating  layers  of 
different  coarseness.  Intermixed  with  the  quartz  are  many  small 
fibers  and  flecks  of  sericite,  but  whether  these  are  primary  or  are 
derived  from  the  breaking  down  of  the  adularia  known  to  be  present 
could  not  be  determined  from  the  extremely  altered  ore  which  alone 
was  available.  A  very  fine-grained  metallic  mineral  of  bluish-white 
color  occurs  in  blotches  and  isolated  specks.  It  was  not  identified. 
The  ore  contains  gold  and  silver  in  proportions  which  vary  markedly 
from  place  to  place,  although  everywhere  more  valuable  for  gold. 
Common  assay  values  are  said  to  be  $12  to  $20  a  ton. 
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THE  ENRICHMENT  OF  SULPHIDE  ORES. 


By  William  Habtey  Emmons. 


INTRODUCTION. 

STATEMENT  OF  THEORY. 

Sulphide  ores  exposed  to  weathering  at  or  near  the  surface  of  the 
earth  break  down  and  form  soluble  salts  and  minerals  that  are  stable 
under  surface  conditions.  No  metallic  sulphide  that  is  long  exposed  to 
air  and  water  remains  unaltered.  Iron  sulphides,  which  are  present  in 
practically  all  sulphide  ores,  are  changed  by  weathering  to  iron  oxides, 
and  the  changes  are  attended  by  the  liberation  of  sulphuric  acid. 
Many  of  the  metals  form  soluble  sulphates  with  sulphuric  acid,  and 
when  conditions  favor  their  migration  downward  they  are  carried  in 
solution  to  depths  where  air  is  excluded.  Unoxidized  rocks  are  in 
general  alkaline.  Acid  solutions  that  encounter  such  rocks  in  the 
regions  where  air  is  excluded  wiU  lose  acidity,  and  as  the  solutions 
approach  a  neutral  or  alkaline  condition  some  of  the  metals  they  con- 
tain are  deposited.  If  the  solutions  of  the  metallic  sulphates  encounter 
metallic  sulphides  in  depth  precipitation  may  take  place,  or  there  may 
be  an  interchange  between  the  metals  in  solution  as  sulphates  and 
the  metallic  sulphides.  Thus  as  a  result  of  precipitation  or  chemical 
interchange  the  metals  are  redeposited  and  certain  portions  of  the 
ore  bodies  become  enriched. 

The  theory  of  sulphide  enrichment,  announced  in  1900,  has  been 
found  to  have  wide  application.  Many  deposits,  especially  of  ores  of 
copper,  are  leached  near  the  surface  and  are  richer  below  the  leached 
zones.  The  ore  at  still  greater  depths  is  of  lower  grade.  According 
to  the  theory  the  copper  leached  from  the  upper  zone  has  been  carried 
downward  and  redeposited,  forming  an  enriched  zone,  and  the  deeper, 
lower-grade  sulphide  ores  are  assumed  to  be  like  the  original  or 
primary  mineralization  of  the  whole  deposit.  Some  deposits  of  gold 
ores  and  of  silver  ores  show  similar  features,  but  the  changes  in  the 
character  of  the  ore  in  such  deposits  are  generally  less  notable.  Rela- 
tively few  deposits  of  lead  and  zinc  have  clearly  defined  secondary 
sulphide  zones,  although  some  such  deposits  show  appreciable  enrich- 
ment. The  theory  of  sulphide  enrichment  has  now  become  fairly  well 
understood  and  has  proved  to  be  of  considerable  economic  value,  for 
it  has  been  successfully  applied  in  the  development  of  many  deposits 

of  the  metaUic  sulphides. 
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Similar  geologic  processes  operating  under  approximately  similar 
conditions  produce  approximately  similar  results,  and  any  theory 
formed  to  explain  the  relations  that  exist  in  some  deposits  might 
reasonably  be  cited  to  explain  the  absence  of  like  relations  in  other 
deposits.  It  has  been  found,  however,  that  the  theory  of  sulphide 
enrichment  does  not  apply  to  all  deposits  and  that  many  valuable 
deposits  of  sulphide  ores  are  primary.  It  is  not  applicable  even  to 
all  deposits  of  copper-bearing  sulphides,  in  which  secondary  changes 
that  have  taken  place  are  recorded  more  clearly  than  in  deposits  of 
other  metals.  Moreover,  it  is  not  clear  why  some  deposits  show 
extensive  enrichment  and  others  show  little  or  none. 

As  data  are  accumulated  some  of  the  geologist's  most  cherished 
hypotheses  may  be  overthrown.  Until  recently  nothing  seemed  to 
rest  on  a  firmer  foundation  than  the  belief  that  the  presence  of  chalco- 
cite  is  almost  certain  evidence  of  enrichment  by  cold  solutions,  but 
recent  studies  have  shown  that,  wnthout  much  doubt,  this  mineral  is  a 
primary  constituent  of  certain  copper  ores  that  have  been  deposited 
by  ascending  thermal  waters. 

The  recent  development  at  Bisbee,  Ariz.  (p.  182),  of  extensive  and 
deep  oxidized  ores  related  to  a  pro-Comanche  erosion  surface  which  is 
not  parallel  to  but  is  inclined  to  the  present  underground  water  level; 
the  development  at  Miami,  Ariz.  (p.  185),  of  an  extensive  chalcocite 
zone  not  definitely  related  to  but  apparently  older  than  the  present 
topography;  and  the  exceptional  features  of  the  secondary  deposits 
in  several  other  districts  clearly  indicate  that  the  theory  of  sulphide 
enrichment  can  not  be  applied  perfunctorily  to  any  deposit.  The 
deductions  that  may  be  drawn  from  it  are  generally  of  so  great 
commercial  importance  that  its  use  is  fraught  with  danger  unless  it 
is  used  with  an  adequate  understanding  of  the  general  geology  of  the 
region  containing  the  deposits  to  which  it  is  applied. 

The  chemistry  of  sulphide  enrichment  offers  an  especially  attractive 
field  for  experimental  study  because  the  natural  conditions  of  tern- 
terature,  pressure,  and  concentration  can  be  closely  dupUcated  in 
the  laboratory,  but  at  present  the  results  of  chemical  experiments  in 
ore  enrichment  leave  much  to  be  desired.  It  should  be  acknowledged 
at  the  outset  that  some  of  the  data  concerning  sulphide  enrichment 
appear  to  be  conflicting  and  that  many  of  the  problems  are  now 
only  in  process  of  solution. 

This  paper  is  offered  not  as  a  contribution  of  many  original  data, 
but  rather  as  a  summary  of  a  part  of  the  existing  knowledge  of  the 
subject.  I  hope  it  may  suggest  to  those  who  are  engaged  in  geologic 
work  and  in  mining  some  lines  of  approach  to  the  problems  to  be 
solved.  The  solution  of  these  problems  must  depend  very  largely  on 
the  observations  of  the  engineer  or  geologist  who  can  watch  the 
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changes  in  the  successively  excavated  parts  of  an  ore  body.  He  has  a 
distinct  advantage  over  the  official  geologist,  who  visits  it  only  at  one 
stage  of  its  development,  perhaps  after  the  most  illuminating  exposures 
have  been  destroyed.  To  the  chemist  this  paper  is  an  appeal  for  more 
experimental  data  on  the  important  mineral  syntheses  involved  in  the 
processes.  I  realize  fully  that  there  may  be  serious  omissions  and 
possibly  serious  errors  in  the  discussion  of  the  complex  and  scattered 
data  here  presented,  and  I  shall  esteem  it  a  favor  if  anyone  whose 
statements  I  may  have  misquoted  or  misinterpreted  will  set  me 
right,  and  if  those  who  have  had  superior  opportunities  for  study  of 
certain  districts  will  correct  any  wrong  impressions  that  I  may  have 
given. 

SOUBCES  OF  INFORMATION  AND  ACKNOWLEDGMENTS. 

Among  the  papers  that  treat  the  subject  of  sulphide  enrichment 
are  those  of  S.  F.  Emmons,*  W.  H.  Weed,'  and  C.  R.  Van  Hise.*  These 
papers  were  issued  in  1900,  almost  contemporaneously,  and  in*  them 
the  writers,  working  independently,  assembled  the  geologic  and 
chemical  data  bearing  on  the  problem,  formulating  a  clearly  stated 
theory  from  scattered  and  undigested  observations.  Five  years 
later  Kemp  *  wrote  a  sunmiary  of  the  processes  of  secondary  enrich- 
ment of  ore  deposits  of  copper,  and  in  1910  Ransome  •  issued  a  com- 
prehensive review  of  the  criteria  of  downward  sulphide  enrichment, 
in  which  he  treats  concisely  the  various  processes  of  enrichment  and 
their  results.  The  nearly  related  processes  of  oxidation  of  ore  deposits 
were  discussed  by  Penrose  in  1894.* 

During  the  12  years  that  have  passed  since  the  first  papers  on  sul- 
phide enrichment  were  issued  a  number  of  detailed  reports  have 
appeared,  treating  the  geology  and  ore  deposits  of  certain  mining 
districts.  In  several  of  these  papers  the  chemical  processes  involved 
are  discussed  in  the  light  of  the  field  relations  of  the  deposits.  The 
contributions  of  Lindgren,  Ransome,  Spencer,  Boutwell,  Irving, 
Graton,  Spurr,  Garrey,  Ball,  Butler,  Lawson,  and  Gordon  are  par- 
ticularly valuable.  Since  1905,  when  the  work  of  collecting  the 
mineral  statistics  of  the  United  States  was  placed  in  the  hands  of 
field  geologists,  the  annual  reviews  of  resources,  production,  and 
development  that  have  appeared  in  the  reports  entitled  **  Mineral 
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resources  of  the  United  States "  have  been  a  never^ailiiig  sooroe  of 
informatioiL  The  chapters  on  gold,  by  Waidemar  lindgran  and  H. 
D.  McCaskey;  those  on  copper,  by  L.  C.  Graton  and  B.  S.  Butler; 
those  on  lead  and  zinc,  by  C.  E.  Siebenthal;  and  those  on  the  ranr 
metals,  by  F.  L.  Hess,  have  furnished  many  valuable  data. 

Data  on  the  chemistry  of  the  processes  of  sulphide  eniicfament 
have  been  accumulated  rapidly  since  1900.  The  paper  by  Schuer- 
mann'  published  in  1888  was  for  mafiy  years  the  most  important 
source  of  information  respecting  the  behavior  of  sulphides  in  certain 
reactions  involving  double  decomposition.  In  1907  Weigel '  published 
a  paper  showing  the  solubilities  in  water  of  the  meUdhc  sulphides, 
which,  as  was  pointed  out  by  R.  C.  Wells,'  correspond  doeely  in 
order  to  the  series  found  by  Schuermann.  In  1903  H.  V.  WincheD* 
published  the  results  of  experiments  in  chalcocitization  of  sulphide 
ores.  More  recently  experiments  in  the  solution  or  precipitation  of 
the  metals  have  been  made  by  Sullivan,  Wells,  Allen,  Stokes,  Buehler 
and  Gottschalk,  Brokaw,  Cooke,  Grout,  A.  N.  Winchell,  and  many 
others. 

I  wish  to  acknowledge  my  indebtedness  to  my  colleagues  of  the 
United  States  Geological  Survey,  especiaUy  to  Messrs.  Waidemar  Lind- 
gren,  F.  L.  Kansome,  A.  C.  Spencer,  and  B.  S.  Butler,  who  have  read 
portions  of  this  paper  and  have  generously  contributed  unpublished 
data  on  certain  districts.  Mr.  R.  C.  Wells,  of  the  United  States  Geolog- 
ical Survey,  and  Dr.  W.  H.  Hunter,  of  the  University  of  Minnesota, 
huve  read  critically  certain  parts  of  this  paper,  where  the  problems  of 
physical  chemistry  are  treated,  and  many  of  the  reactions  have  been 
discussed  with  Dr.  E.  T.  Allen  and  associates,  of  the  Carnegie  geo- 
pliysical  laboratory  at  Washington,  and  with  Mr.  F.  W.  Clarke  of  the 
United  States  Geological  Survey. 

DISTINCTIONS   BETWEEN  PBIHABY  AND    S£CONDABY  DEPOSITS. 

In  this  paper  I  apply  the  term  primary  to  all  bodies  of  ores  whose 
choniical  and  mineral  composition  have  remained  essentially  im- 
changod  by  superficial  agencies  since  the  ores  were  deposited.  These 
inclucle  sulphide  ores  that  have  replaced  the  wall  rock  and  are  "sec- 
ondary" after  rock-making  minerals  or  sedimentary  beds.  A  sec- 
ondary ore,  as  the  term  is  here  used,  is  one  that  has  been  altered  by 
su|)(»rlicial  agencies.  The  term  is  not  restricted  to  pseudomorphous 
n^piacements  but  is  used  to  include  also  material  deposited  by  super- 

I  Scliuorinaim,  Ernst,  IJolxo'  die  Verwondtschaft  der  Schwennetallo  zuin  Schwcfel:  Liebig's  Ann.  dar 
Cliuinlis  vol.  249,  18KA,  p.  326. 

3  Wcigol,  Oskar,  Dlo  Ldnlichkelt  von  SdiwermetaUsulflden  in  relnem  Wosser:  Zeitschr.  phya.  Chemiik 
vol.  68,  ig07,  pp.  203-300. 

•  \V(«llii,  U.  C,  The  tractional  precipitation  of  sulphides:  Eoon.  Qeology,  vol.  5, 1910,  pp.  1-14. 

*  Winchell,  H.  V.,  Syntheiia  of  ohalcodte  and  its  genesis  at  Butte,  Mont:  BulL  QeoL  Soc.  America,  voL 
14,  1003,  pp.  2<W-a7«. 
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ficial  processes  in  fractures  in  and  near  the  primary  ore  bodies.  It 
is  unfortunate  that  the  term  ''secondary"  is  used  with  different 
meanings  and  that  the  distinction  between  primary  and  secondary 
ores  can  not  everywhere  be  sharply  drawn,  but  the  diverse  usage  of 
the  terms  has  become  firmly  fixed  in  the  Uterature,  and  ambiguity 
can  generally  be  avoided  only  by  using  qualifying  phrases. 

A  discussion  of  the  genesis  of  primary  ore  deposits  does  not  come 
within  the  scope  of  this  review,  but  in  order  to  distinguish  clearly 
between  primary  and  secondary  ores  as  the  terms  are  here  used,  it  is 
desirable  to  mention  briefly  the  several  classes  of  primary  deposits. 
Any  attempt  to  classify  ore  deposits  by  means  of  the  data  now  avail- 
able is  hazardous.  Sharp  divisions  are  not  generally  foimd  in  nature, 
and  any  classification  based  on  genesis  should  be  regarded  merely  as 
a  convenient  means  of  comparison  and  study.  Not  only  do  some 
classes  of  primary  ores  overlap  one  another,  but  primary  ores  formed 
at  moderate  depths  by  cold  solutions  and  those  formed  very  near  the 
surface  by  ascending  thermal  waters  are  in  many  respects  similar  to 
deposits  formed  by  descending  sulphate  solutions  in  processes  of 
secondary  alteration,  and  it  is  not  everywhere  practicable  to  draw 
sharp  distinctions  ^tween  them.  The  following  classification 
includes  the  more  important  groups  of  primary  ores: 

Syngenetic  deposits;  contemporaneous  with  the  inclosing  rocks: 

Sedimentary  beds;  mechanical,  chemical,  organic,  etc. 

Magmatic  segregations;  consolidated  from  molten  magmas. 
Epigenetic  deposits;  deposited  later  than  the  inclosing  rocks: 

Pegmatite  veins;  deposited  by  *'aqueo-igneous"  magmatic  solutions. 

Contactrmetamorphic  deposits;  deposited  in  intruded  rocks  by  fluids  passing  from 
consolidating  intruding  rocks. 

Deposits  of  the  deep  vein  zone;  formed  at  high  temperature  and  under  great 
pressure,  generally  in  and  along  fissures. 

Deposits  formed  at  moderate  and  shallow  depths  by  ascending  hot  solutions. 

Deposits  formed  at  and  near  the  surface  by  ascending  hot  solutions. 

Deposits  formed  at  moderate  and  shallow  depths  by  cold  meteoric  solutions. 

The  deposits  of  any  of  these  groups  may  be  changed  by  various 
geologic  processes.  They  may  be  buried  deeply  and  altered  by 
dynamic  metamorphism,  or,  if  exposed  to  surface  agencies,  they  may 
be  leached  or  enriched  by  superficial  processes. 

Sedimentary  beds  are  the  sources  of  a  great  many  economic 
products — such  as  coal,  clay,  oil,  iron  ore,  or  manganese.  Of  the 
sulphide  ores,  however,  very  few  are  sedimentary.  Some  of  the 
copper  deposits  in  the  ^'Red  Beds"  have  been  considered  sedi- 
mentary. The  best  known  example  is  the  ^^Kupferschiefer"  of 
Mansfield,  Germany.  Workable  sulphide  deposits  of  sedimentary 
origin  in  the  United  States  are  unknown  to  me. 

Magmatic  segregations  are  products  of  the  differentiation  of  igneous 
magmas.     Genetically  considered  they  are  in  the  strict  sense  igneous 
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rocks.  These  deposits  include  ore  bodies  of  considerable  economic 
importance,  among  them  some  of  the  magnetic  iron  ores  of  the 
Adirondack  Moimtains,  in  New  York.  No  large  sulphide  deposits  of 
this  kind  are  known  in  the  United  States.  The  nickel-copper  de- 
posits of  Sudbury,  Ontario,  are  the  best-known  examples  of  this 
group  in  North  America.  These  deposits  have  been  planed  off  bj 
glacial  erosion  in  recent  geologic  time  and  do  not  show  any  con- 
siderable enrichment  by  superficial  processes. 

Pegmatite  veins  are  very  nearly  related  to  magmatic  segregations. 
They  are  magmatic  segregations  or  end  products  of  crystallization 
that  have  been  thrust,  like  igneous  dikes,  into  openings  in  rocks 
already  consolidated.  As  they  are  probably  formed  from  eutectic 
solutions,  many  pegmatite  veins  tend  to  approach  a  fairly  uniform 
composition  and  are  also  generally  characterized  by  large  crystals  of 
rock-making  minerals.  Pegmatites  that  have  not  moved  trom  the 
parent  magma  and  are  not  related  to  openings  in  rocks  could  properiy 
be  classed  with  sjmgenetic  deposits,  as  magmatic  segregations,  but 
some  authorities  reserve  the  latter  term  for  the  more  basic  differen- 
tiation products.  In  pegmatites  the  sulphides  are  present,  as  a  nile, 
in  small  quantities,  and  except  some  deposits  of  rare  elejnents  they 
have  very  little  economic  importance  as  sources  of  the  metals. 

Contact-metamorphic  deposits  are  formed  in  intruded  rocks  by 
'fluids  given  off  by  intruding  igneous  magmas.  Many  of  the  ores  of 
such  deposits  contain  the  sulphides  of  copper,  zinc,  and  lead,  inter- 
grown  with  heavy  silicates  and  calcite.  In  general  the  ore  bodies  of 
this  class  are  not  clearly  related  to  determinable  fissures.  Many  of 
these  deposits  have  been  enriched  by  superficial  alteration.  As  a  rule 
the  changes  are  easily  followed  in  the  field,  for  many  minerals  that  are 
formed  by  contact-metamorphic  processes  are  not  formed  by  processes 
of  superficial  alteration,  and  vice  versa.  In  general  sulphide  enrich- 
ment does  not  extend  to  great  depths  in  contact-metamorphic  ores; 
the  tough,  fibrous,  or  platy  minerals  of  the  gangue  do  not  favor 
extensive  fracturing,  and  the  presence  of  calcite  favors  precipitation 
of  secondary  carbonates  near  the  surface.  Noteworthy  exceptions 
to  this  rule  are  known. 

The  deposits  of  the  deep  vein  zone  are  miner alogically  related,  more 
or  less  closely,  to  contact-metamorphic  deposits.  They  have  formed 
in  and  along  openings  in  rocks,  however,  and  in  the  main  they 
approach  the  tabular  form  more  closely  than  do  the  contact-meta- 
morphic deposits.  As  pointed  out  by  Lindgren,  who  first  defined  the 
group,  the  deposits  of  the  deeper  zone  have  formed  under  conditions 
of  high  temperature  and  pressiu'e,  which  prevail  also  in  contact  meta- 
morphism.  Because  high  temperature  and  pressure  are  necessary 
for  their  genesis  these  deposits  do  not  form  at  moderate  or  shallow 
depths,  at  least  not  in  fissures  that  extend  to  the  surface,  and  ther^ 
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fore  they  are  seldom  found  in  the  more  recent  rocks.  The  deposits 
of  this  group  are  closely  affiliated  with  the  contact-metamorphic 
deposits  on  the  one  hand  and  with  deposits  formed  at  moderate  depth 
on  the  other  and  can  not  be  sharply  divided  from  the  latter.  If  this 
class  is  made  to  include  only  deposits  that  are  related  to  openings  in 
rocks  and  that  carry  in  the  gangue  some  of  the  contact-metamorphic 
minerals  (such  as  heavy  silicates,  magnetite,  or  specularite),  it  may  be 
said  that  the  examples  found  in  the  United  States  are  but  little  ajQFected 
by  sulphide  enrichment.  The  gold  deposits  of  this  group  are  gen- 
erally not  manganiferous,  and  silver  is  not  an  important  constituent  of 
most  of  them.  On  the  other  hand,  some  important  sulphide  deposits 
of  copper  that  carry  pyrrhotite  and  magnetite  might  be  included  in 
this  group,  and  sulphide  enrichment  has  played  an  important  part  in 
the  genesis  of  a  number  of  these  pyrrhotitic  copper  deposits. 

The  deposits  formed  at  moderate  and  shallow  depths  by  ascending 
thermal  solutions  constitute  a  very  important  group,  which  includes 
nimaerous  deposits  of  ores  of  copper,  gold,  silver,  lead,  and  zinc.  Many 
of  these  deposits  show  important  sulphide  enrichment  and  illustrate 
the  downward  migration  of  the  metals.  Some  of  them  are  noted  for 
relatively  small  bodies  of  very  rich  ore,  locally  developed  in  a  larger 
lower-grade  deposit.  This  group,  more  than  any  other,  may  be  char- 
acterized as  the  '' bonanza"  group.  Some  of  the  bonanzas  are  due 
to  sulphide  enrichment,  but  doubtless  many  of  them  are  primary. 

Much  may  be  said  for  the  theory  that  some  of  the  metals  are  pre- 
cipitated most  effectively  from  ascending  thermal  alkaline  solutions 
in  the  zone  where  they  first  encounter  descending  ground  water. 
Whether  the  solutions  are  alkali  chlorides,  alkali  sulphides,  or  alkali 
carbonates,  a  decrease  in  temperatiu*e  and  partial  oxidation  would 
cause  precipitation.  An  alkali  sulphide  solution  containing  iron 
would  be  converted  to  a  ferrous  sulphate  solution,  and  from  such 
a  solution  gold  would  be  deposited  almost  completely.  Some  of  the 
metals  may  be  precipitated  from  alkali  sulphide  solutions  merely  by 
dilution.  In  the  deposits  of  this  group,  more  than  in  any  other,  the 
presence  of  bonanza  ore  has  little  genetic  significance.  Each  deposit 
and  each  ore  shoot  is  a  separate  problem.  Even  its  relation  to  the 
present  surface  is  not  everywhere  conclusive,  for  obviously  the  pri- 
mary bonanzas  may  have  a  genetic  relation  to  a  former  zone  of 
ground  water — a  zone  which  is  itself  superficial  but  which  may 
not  be  determinable. 

Deposits  of  sulphide  ores  formed  at  or  very  near  the  surface  by 
ascending  hot  solutions  are  mainly  of  scientific  rather  than  economic 
importance,  although  a  few  of  them  have  been  exploited  for  the 
metab.  As  atmospheric  oxygen  is  present  in  the  superficial  zone 
the  minerals  they  contain  include  the  hydrous  oxides  and  various 
milphates,  and  as  the  pressure  is  nearly  atmospheric  the  temperature 
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can  not  be  much  above  100^  C.  Consequently  the  minerftlH  form 
under  physical  conditions  that  are  not  greatly  different  from  those 
found  in  the  zones  of  surface  alteration  and  sulphide  enrichment 
where  ores  are  exposed  to  the  action  of  surface  agencies. 

The  deposits  formed  at  moderate  and  shallow  depths  by  cold  solu- 
tions include  a  large  number  of  important  deposits  of  lead  and  sdnc 
in  the  Mississippi  Valley  and  many  copper  deposits  in  Colorado,  New 
Mexico,  and  Utah.  Examples  could  be  multiplied,  but  these  define 
the  type.  The  conditions  imder  which  these  deposits  form  are  doubt- 
less closely  similar  to  those  which  exist  in  zones  of  sulphide  enrichment, 
and  many  of  the  minerals  formed  are  foimd  also  in  the  secondary 
sulphide  zones.  Much  evidence  has  been  cited  to  show  that  these 
deposits  were  formed  by  groimd  water  that  gathered  its  metallic  con- 
tents from  great  masses  of  rocks  in  which  the  metals  were  sparingly 
disseminated.  The  metallic  salts,  chiefly  sulphates  and  chlorides, 
were  gathered  in  water  channels,  and  the  metals  were  deposited  as 
sulphides  where  conditions  were  favorable.  In  many  examples  some 
form  of  organic  material  supplied  the  precipitating  agent.  If  deposi- 
tion had  taken  place  on  an  older  sulphide  these  deposits  would  be 
classed  as  secondary  sulphide  ores,  but  in  general  there  is  no  evidence 
that  bodies  of  older  sulphide  ore  occupied  the  place  of  the  deposits. 
These  ores  are  therefore  considered  primary,  although  they  have  been 
leached  by  ground  water  from  an  older  metalliferous  rock. 

PHYSICAL  CONDITIONS  AND  ENRICHMENT. 

The  processes  of  sulphide  enrichment  depend  on  the  physical  con- 
ditions, the  environment,  and  the  geologic  history  of  the  deposits  and 
on  their  chemical  and  mineral  composition.  Of  the  purely  physical 
conditions,  the  climate,  altitude,  and  relief  are  important.  Per- 
meability of  the  deposits  is  an  essential  condition,  for  if  solutions 
can  not  find  access  to  the  lower  horizons  the  metals  dissolved  near 
the  surface  may  be  scattered.  The  duration  of  the  period  of  weather- 
ing is  important  also,  for  under  similar  conditions  the  amount  of 
solution  is  directly  proportional  to  the  time  during  which  the  deposits 
are  exposed  to  weathering.  Briefly,  there  is  scarcely  a  feature  of  the 
geologic  history  of  a  deposit  that  may  not  affect  the  extent  and 
character  of  its  enrichment. 

CLTMATE. 
TEMPERATUBE. 

A  warm  climate,  in  so  far  as  it  favors  chemical  action,  is  favorable 
to  sulphide  enrichment.  Deposits  in  high  latitudes  are  not  so 
likely  to  show  extensive  migration  of  the  metals,  because  low  tem- 
perature decreases  chemical  activity,  and  freezing  prevents  solution. 
Where  the  ground  is  frozen  to  considerable  depths  during  the  ¥rinter 
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and  thaws  out  only  a  short  distance  below  the  surface  during  the 
summer,  thorough  weathering  can  not  extend  to  great  depths. 
Assuming  the  persistence  of  the  present  relation  between  latitude 
and  climate,  it  may  be  said  that  bonanzas  of  secondary  ore  are  prob- 
ably less  numerous  and  less  extensive  in  higher  than  in  lower  lati- 
tudes.^ 

In  late  geologic  time  large  areas  in  northern  latitude  have  been 
glaciated;  and  in  many  places  the  surface  has  been  planed  off  by  ice 
erosion.  The  altered  zones  of  many  deposits  have  doubtless  been 
removed.  Thus  the  deposits  of  the  North  differ  from  those  of  lower 
latitudes  in  two  essential  respects — in  environment  and  in  geologic 
history.  To  what  extent  the  smaller  development  of  secondary 
sulphide  ores  in  the  North  depends  on  present  temperature  and  other 
climatic  conditions,  and  to  what  extent  it  is  due  to  recent  glacial 
action,  are  questions  that  probably  will  not  be  answered  until  more 
data  are  available  concerning  deposits  in  driftless  areas  in  high  lati- 
tudes. In  Alaska,  Canada,  and  New  England  there  are  but  few 
sulphide  deposits  of  proved  secondary  origin  that  are  comparable 
in  extent  or  value  to  those  which  have  formed  at  lower  latitudes. 
The  available  evidence  indicates  that  the  large  and  important  ore 
bodies  of  these  countries  are  mainly  of  primary  origin.  The  gold  de- 
posits of  Douglas  Island,  Alaska,  the  copper  deposits  of  Kasaan  Penin- 
sula, Latouche  Island,  and  Prince  William  Sound,  and  the  nickel 
and  copper  deposits  of  the  Sudbury  region  are  not  deeply  oxidized. 
Carbonate  ores  extend  to  a  depth  of  300  feet  in  the  Copper  Mountain 
mines.  Prince  of  Wales  Island,  and  chalcocite  and  native  copper  lie 
at  least  200  feet  deep  at  the  Goodro  mine.'  In  many  of  the  de- 
posits in  the  North,  however,  the  ore  has  proved  to  be  of  approxi- 
mately uniform  grade  to  considerable  depths. 

On  the  other  hand,  it  is  well  known  that  great  climatic  changes 
have  taken  place  in  many  regions,  and  that  temperatures  have  been 
by  no  means  constant  throughout  geologic  time.  Therefore,  because 
the  processes  of  weathering  of  ore  bodies  are  slow  to-day  in  certain 
places,  it  does  not  follow  that  they  have  always  been  inactive  there, 
and  under  some  conditions  secondary  deposits  formed  in  older 
geologic  periods  in  places  protected  from  erosion  should  be  preserved 
to-day. 

The  famous  Bonanza  mine  of  the  Chitina  copper  belt,  Alaska, 
described  by  Moj£t  and  Maddren,*  presents  some  unusual  features, 

» Winchell,  H.  V.,  Prospecting  in  the  North:  Mln.  Mag.,  vol.  3,  1910,  pp.  436-438.  Brock,  R.  W.,  Dis- 
cuasioo  of  H.  V.  Winchell's  article  ''Prospecting  in  the  North:''  Min.  Mag.,  vol.  4,  1911,  pp.  204-306. 

>  Wright,  F.  E.  and  0.  W.,  The  Ketchikan  and  Wrangell  mining  districts,  Alaska:  BuU.  U.  8.  GeoL 
Sarvey  No.  347, 1908.  Wright  C.  W.,  Discussion  of  H.  V.  WincheU's  article  "  Prospecting  in  the  North:" 
mn.  Mag.,  vol.  4,  1911,  p.  369. 

•  Momt,  F.  H.,  and  Maddren.  A.  O.,  Mineral  resources  of  the  Kotaina-Chitina  region,  Alaska:  BulL 
U.  8.  Oeol.  Survey  No.  3?4,  1909,  pp.  80-86. 
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which  should  be  mentioned  here.  The  principal  deposit  is  a  grett 
mass  of  chalcocite  and  bomite,  the  ore  carrying  considerable  silver 
and  occupying  a  fractured  zone  in  limestone.  There  is  no  evidence 
that  the  ore  has  replaced  older  sulphides.  Although  Moffit  and  Mad- 
dren  do  not  state  definite  conclusions  as  to  the  origin  of  the  ore,  their 
discussion  clearly  impUes  a  genesis  independent  of  magmatic  waters. 
No  other  conclusion  seems  to  be  warranted  by  the  facts  available. 
Geologic  and  physiographic  studies  appear  to  indicate  that  the 
Bonanza  ore  deposit  was  formed  at  considerable  depth  by  meteoric 
waters,  which  impUes  that  at  some  period  processes  of  solution  and 
precipitation  have  operated  vigorously  in  this  high  latitude. 

The  rich  native  silver  ores  of  Cobalt,  Ontario,  have  been  consid- 
ered secondary  by  some  geologists,  but  all  who  have  studied  these 
deposits  are  not  agreed  as  to  their  genesis.^  Doubtless  some  enrich- 
ment has  taken  place  in  the  Copper  Cliff  and  Vermilion  mines  of  the 
Sudbury  region,  Ontario.  In  the  Vermilion  mine,  according  to 
Barlow,  native  copper,  probably  derived  by  alteration  from  chal- 
copyrite,  is  found  900  feet  below  the  surface.'  In  general,  the 
secondary  sulphide  zones  of  deposits  in  western  Canada  in  about 
the  same  latitude  as  these  are  not  extensive,  but  some  deposits^ 
for  example,  the  St.  Eugene  mine,  in  British  Columbia — show 
unmistakable  evidence  of  sulphide  enrichment.  The  developments 
in  southwestern  Canada  are  not  sufficient  to  permit  conclusive  state- 
ments. There  is  doubtless  a  relation  between  latitude  and  sulphide 
enriclunent,  but  it  is  one  which  can  not  be  expressed  as  an  invariable 
rule. 

On  the  other  hand,  many  sulphide  deposits  in  lower  latitudes  do 
not  show  sulphide  enrichment.  Examples  are  mines  lying  in  the 
foothill  copper  belt,  California  (see  p.  202);  La  Reforma  mine, 
Mexico  (p.  211);  the  Copper  Queen  mine,  Velardefta,  Mexico  (p.  211); 
and  several  deposits  of  the  Braden  Copper  Co.,  Chile  (p.  203).  Ac- 
cording to  J.  M.  Moubray,*  several  deposits  in  the  Kafue  copper 
district,  in  northern  Rhodesia,  between  13®  and  14®  south  of  the 
Equator,  show  copper  sulpliides  at  the  very  surface.  In  the  Sable 
Antelope  mine  of  tlus  region  superficial  alteration  is  practically  absent. 

RAINFALL. 

Since  water  is  the  agent  of  ore  enrichment,  abundant  rainfall  is 
favorable  to  the  formation  of  secondary  ores.  The  activity  of  ground 
water  depends  principally,  however,  on  the  natural  acids  and  other 
compounds  which  it  dissolves,  and  the  waters  in  regions  of  oxida- 

iMillor,  W.  G.,  Notes  on  the  cobalt  area:  Eng.  and  Mln.  Jour.,  vol.  92,  1911,  pp.  645-^9.  Emmons, 
8.  F.,  Types  of  ore  deposits,  San  Francisco,  1911,  p.  140. 

>  Barlow,  A.  E.,  The  nickel  and  copper  deposits  of  Sudbury,  Ontario:  Ann.  Rept.  Qool.  Survey  Canada 
vol.  14,  pt  H,  1904,  p.  IM. 

•Moubray.  J. M.,  Discussion  of  H.  V.  Winchell's  artlde, " Prospectingin  the  North:''  Min.  Maf.,  toI.  i 

J9ii.  pp.  nr-us. 
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bion  and  solution  are  generally  not  saturated  with  acids.  Thus,  even 
in  arid  r^ons  a  moderate  supply  of  ground  water  under  conditions 
Pavorable  to  permeability  may  bring  about  appreciable  results  in 
relatively  brief  geologic  periods.  Some  of  the  silver-gold  deposits  of 
the  Great  Basin  clearly  show  sulphide  enrichment,  although  the 
primary  ores  were  deposited  as  late  as  or  later  than  the  Miocene 
apoch.  Ores  that  form  some  of  the  best  examples  of  sulphide 
doiichment  seen  in  the  United  States  are  found  in  early  Tertiary 
leposits  that  occur  in  the  arid  Southwest,  where  the  annual  rainfall 
is  not  more  than  10  or  12  inches.  In  some  of  these  deposits, 
Ixowever,  much  of  the  secondary  ore  was  probably  formed  when  the 
rainfall  was  greater.  Concerning  this  point  it  is  obviously  difficult 
bo  draw  any  general  conclusions,  because  data  regarding  the  former 
slimates  of  many  arid  regions  are  inadequate. 

In  arid  countries  the  ground-water  level  is  likely  to  lie  deep,  and 
the  zone  of  solution  is  generally  not  clearly  differentiated  from  the 
Eone  of  precipitation.  Above  the  water  level  in  ore  deposits  in  arid 
regions  there  may  be  considerable  amounts  of  primary  sulphide  ore, 
of  secondary  sulphide  ore,  and  of  oxidized  ore,  all  at  approximately 
the  same  horizon.  In  such  deposits  the  secondary  sulphide  ores, 
though  occurring  through  greater  vertical  ranges,  may  not  be  con- 
centrated in  small  volume. 

ALTITUDE. 

As  a  rule,  the  relief  is  great  in  areas  of  high  altitudes,  and  erosion 
is  consequently  more  rapid.  Moreover,  in  such  areas  temperatures 
are  low^er  and  conditions  are  less  favorable  to  solution.  Deposits 
located  at  very  high  altitudes,  where  rocks  are  disintegrated  by 
frost  and  carried  away  unweathered  as  talus  and  bowlders,  are  not 
so  likely  to  be  extensively  enriched  as  are  deposits  that  lie  at  lower 
altitudes.  On  the  other  hand,  the  processes  of  enrichment  are 
effective  under  some  conditions  at  considerable  altitudes.  Many 
deposits  in  Colorado  that  outcrop  at  altitudes  over  10,000  feet  above 
sea  level  and  some  in  Montana  that  outcrop  at  about  8,000  feet 
above  sea  level  contain  extensive  zones  of  secondary  ores. 


In  so  far  as  strong  relief  supplies  head,  it  is  favorable  to  deep  and 
rapid  circulation  of  underground  water,  and  it  is  likewise  favorable 
to  relatively  deep  enrichment.  In  base-leveled  regions  underground 
circulation  is  sluggish  and  the  nearly  stagnant  waters  can  not  descend 
far  into  the  zone  of  primary  sulphides  without  losing  the  valuable 
metals  which  they  dissolve  higher  up.  Calculations  made  for  lodes 
in  the  base-leveled  region  that  includes  Ducktown,  Tenn.,  show  that 
aU  or  nearly  all  of  the  secondary  copper  in  the  chalcocite  zones  may 
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the  primary  sulphides,  are  more  favorable  to  concentrated  enrich- 
ment than  a  few  larger  openings,  for  a  larger  surface  of  primary  ore 
is  exposed  to  solution  along  many  small  openings  than  along  a  few 
large  openings.  Moreover,  inasmuch  as  friction  is  greater  along  small 
openings,  the  descent  of  solutions  in  them  is  retarded  and  therefore 
reactions  that  result  in  precipitation  of  secondary  sulphides  may  be 
brought  nearly  to  completion  at  relatively  shallow  depths.  Very 
small  openings,  such  as  the  pore  spaces  of  minerals  and  other  capillary 
or  subcapillary  openings,  are  not  effective  water  channels  because 
friction  along  them  retards  circulation.  Under  some  conditions, 
however,  mineral-bearing  solutions  do  penetrate  these  minute 
openings  and  deposit  ore  in  them.  In  certain  deposits  near  Globe, 
Ariz.,  according  to  .Ransome,^  specks  of  secondary  chalcocite  ore 
are  embedded  in  solid  veinlets  of  quartz  and  in  silicified  schist, 
indicating  a  migration  of  copper,  for  short  distances  at  least,  through 
exceedingly  minute  openings.  Although  water  may  penetrate  such 
minute  openings,  it  does  not  circulate  freely  in  them  but  is  nearly 
stagnant.  It  would  be  supposed  that  the  metals  would  not  be 
carried  far  in  such  openings  before  precipitation,  at  least  not  in 
rocks  that  are  readily  attacked  by  the  solutions,  but  if  the  openings 
are  lined  with  siliceous  alkali-free  minerak  or  with  other  minerals 
that  are  but  slowly  affected  by  the  solutions,  the  reactions  which 
reduce  and  tend  to  neutralize  the  solution^  and  to  precipitate  the 
metals  would  take  place  more  slowly  and  the  metak  might  be  carried 
in  solution  to  greater  depths. 

INFLUENCE   OF   BATE  OF   BBOSION    ON    BATE    OF    8T7LPHIDB 

BNBICHMENT. 

In  so  far  as  strong  relief  is  favorable  to  rapid  erosion  it  is  unfavor- 
able to  thorough  leaching.  Where  erosion  is  slow  the  outcrops  and 
upper  portions  of  deposits  are  exposed  to  processes  of  weathering  for 
periods  long  enough  to  favor  thorough  leaching  and,  if  the  metals  are 
reprecipitated  at  lower  depths,  to  favor  ore  enrichment.  On  the 
other  hand,  erosion  may  be  delayed  to  a  point  beyond  which  it  is 
mifavorable  to  solution  and  precipitation.  The  downward  migra- 
tion of  the  zone  of  oxidation  exposes  new  surfaces  to  solution,  making 
masses  of  fresh  sulphides  available  for  reconcentration.  Conse- 
quently where  metals  dissolve  readily,  comparatively  rapid  erosion 
may  favor  rapid  concentration.  The  metallic  contents  of  many 
deposits  of  secondary  ores  represent  not  only  what  has  been  leached 
from  the  gossan  now  exposed  but  also  what  has  been  dissolved  from 
portions  of  the  deposits  that  have  been  carried  away  by  erosion. 

.    1  RaDsonaa,  F.  U,  CMtaria  of  downward  solpliida  anrlohnMnt:  Eooo.  Qcology,  toL  i,  1910,  pp.  217-218. 
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Other  conditions  being  similar,  the  amount  of  enrichment  must 
depend  on  the  length  of  time  the  deposits  have  been  exposed  to 
weathering  and  erosion.  In  general,  weathering  has  acted  for  i 
shorter  time  on  late  Tertiary  deposits  than  on  middle  Tertiaiy, 
early  Tertiary,  or  Cretaceous  deposits.  The  age  of  the  deposit  is  not^ 
however,  invariably  the  most  important  factor  in  determining  tho 
extent  of  its  enrichment,  for  some  of  the  middle  or  late  Tertiaiy 
deposits,  such  as  those  in  the  southwestern  part  of  the  United  States^ 
show  more  extensive  migration  of  the  metals  than  is  shown  by  some 
older  deposits  which  have  been  exposed  to  weathering  for  a  much 
longer  time. 

In  the  United  States  the  bonanza  deposits  of  the  precious  metab 
are  in  the  main  the  younger  ones,  for  in  general  the  Paleozoic  and 
older  deposits  are  less  rich,  though  many  of  them  are  more  neariy 
uniform  in  value.  Many  of  the  middle  or  late  Tertiary  deposits  of 
the  precious  metals  in  the  Great  Basin  region — such  as  those  of 
Tonopah,*  the  Comstock  lode,'  and  Tuscarora,  Nev. — show  unmistak- 
able evidence  of  enrichment,  yet  there  are  good  reasons  for  supposing 
that  the  primary  ores  of  many  of  these  young  deposits  were  originally 
somewhat  richer  nearer  the  surface  than  at  greater  depths.  The 
deposits  of  Cripple  Creek,  Colo.,*  and  of  Goldfield,  Nev.,*  show  a 
similar  relation  as  to  values  and  depth,  yet  sulphide  enrichment  has 
probably  not  been  appreciably  important  in  either  of  these  districts. 
Gold  is  generaUy  slow  of  solution,  especiaUy  where  the  environment 
is  not  favorable  to  solution.  As  pointed  out  by  Graton,*  some  of  the 
gold  deposits  of  the  Appalachian  region  are  workable  at  their  out- 
crops, where  gold  has  remained  undissolved  ever  since  the  peneplana- 
tion  of  the  region,  which  probably  took  place  as  early  as  Tertiary 
time. 

In  general,  the  sulphide  deposits  that  show  the  most  clearly  defined 
secondary  zones  are  those  of  copper.  The  periods  of  primary  deposi- 
tion of  all  the  known  important  copper  deposits  of  determined  age  in 
the  United  States,  except  those  of  Tintic,  Utah,  probably  antedate 
the  Miocene,  and  all  have  long  been  exposed  to  erosion  and  weathering. 

>  SpuiT,  J.  E.,  Geology  of  the  Tonopah  mining  district,  Nevada:  Prof.  Paper  U.  S.  Qeol.  Survey  Ka  C, 
1906,  p.  95. 

*  Becker,  0.  F.,  Geology  of  the  Comstock  lode  and  the  Washoe  district:  Hon.  U.  8.  Oeol.  Survey,  vol.  3; 
1882,  p.  273. 

*  Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Geology  and  gold  deposits  of  the  Cripple  Creek  disMet 
Colorado:  Prof.  Paper  U.  8.  Geol.  Survey  No.  64, 1906,  p.  204  and  Chapter  XI. 

<  Ransorae,  F.  L.,Geology  and  cce  deposits  of  Goldfield,  Nev.:  Prof.  Paper  U.  8.  Geol.  Survey  Na  66, 
1909,  pp.  191-195. 

*  Oraton,  L.  C,  Reoonnalssanoe  of  some  gold  and  tin  deposits  of  the  southern  Appalachians,  with  doM 
oo  the  Dahlooegaminai  by  Waldsmar  Lindgren:  BulL  U.  8.  OeoL  Sumy  Na  293, 1900,  p.  87. 
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According  to  Ransome/  the  deposits  at  Bisbee,  Ariz.,  may  have 
been  exposed  to  processes  of  alteration  as  far  back  as  the  Cretaceous. 
The  copper  deposits  of  Velardefia,  Mexico,  according  to  Spnrr  and 
Garrey,'  are  probably  later  than  middle  Tertiary.  The  deposits  of 
the  Braden  mine  of  Chile,  as  shown  by  Pope  Yeatman,'  are  likewise 
of  comparatively  late  age.  In  neither  of  these  districts  where  Ter- 
tiary ores  are  developed  are  the  secondary  sulphide  zones  conspicu- 
ously shown.  Many  copper  deposits  of  the  eastern  United  States 
are  much  older,  the  more  important  ones  having  been  formed  in 
Paleozoic  or  earlier  periods.  Although  some  of  these  deposits  have 
long  been  exposed  to  erosion,  their  secondary  sulphide  zones,  though 
rich  and  well  defined,  are  not  nearly  so  deep  nor  so  extensive  as  some 
in  the  younger  deposits  of  the  West. 

I  have  found  no  record  of  secondary  sulphide  zones  that  were 
unquestionably  formed  in  pre-Mesozoic  time,  although  zones  of  oxide 
enrichment  as  old  as  the  Archean  are  known.  According  to  Van 
Hise  and  Leith  *  some  of  the  rich  specular  hematites  of  the  Vermilion 
range  are  the  metamorphosed  products  of  surface  enrichment  that 
were  indurated  and  infolded  before  the  beginning  of  Algonkian  time. 


Inasmuch  as  sulphide  enrichment  depends  on  the  action  of  surlace 
agencies,  it  is  important  to  know  as  far  as  possible  the  details  of  the 
history  of  any  deposit  considered,  the  length  of  time  it  has  been 
exposed  to  weathering,  and  whether  faulting  or  folding  or  a  second 
episode  of  primary  ore  formation  has  taken  place  since  it  was  first 
formed.  In  short,  any  geologic  or  physiographic  data  might  have 
a  bearing  on  the  problem  of  enrichment. 

If  the  present  topography  is  Uke  that  which  prevailed  when  primary 
deposition  took  place — and  this  may  be  the  case  if  the  deposits 
were  formed  in  comparatively  late  geologic  time — then  the  richer  ore 
of  the  primary  deposits  may  have  an  obvious  relation  to  the  present 
surface.  In  some  deposits  of  gold  and  silver  ore  the  maximum  pre- 
cipitation of  the  metals  appears  to  have  taken  place  at  relatively  short 
distances  below  the  surface  that  existed  at  the  time  of  deposition.  Thus 
the  primary  ore  may  show  a  comparatively  constant  change  in  value, 
which  may  decrease  with  increasing  depth.  In  general,  the  more 
remote  the  period  of  primary  deposition  the  less  the  probabihty  that 
the  important  features  of  the  present  topography  are  similar  to  those 
which  existed  when  the   primary  ores  were  deposited  and  the  less 

1  Ransome,  F.  L.,  The  geology  and  ca«  deposits  of  the  Bisbee  quadrangle,  Arizona:  Prof.  F^per  U.  S. 
G«ol.  Survey  No.  21, 1904,  p.  160.    Alao  this  bulletin,  p.  179. 

>  Spurr,  J.  £.,  and  Oarrey,  Q.  H.,  Ore  deposits  of  the  Velardefia  district,  Mexico:  Econ.  Geology,  vol.  3, 
1906,  pp.  724-725. 

•  Yeatman,  Pope,  The  Braden  copper  mines:  MIn.  and  Sd.  Press,  toL  103, 19U,  pp.  760-772. 

«  Van  Hise,  C.  R.,  and  Lelth,  C.  K.,  The  geology  of  the  Lake  Superior  region:  Ifon.  U.  S.  Geol.  Survey, 
Vd.  62, 1911.  p.  142. 
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th«  prob^bifitTof  error  in  retributing  the  depj^ionof  *  ricli  primtrj 


I»d€8  thAt  do  ik>t  outcrop  Are  termed  "blind"*  lodesw  Some  of 
them  do  ik>t  oaterop  because  the  priznarv  ores  did  not  extend  to  the 
present  aurface,  others  h^ve  been  fruited  off  near  the  surface,  and 
«itill  others  hare  been  covered  by  formations  deposited  later  than  the 
ores.  A  fissure  acro»  a  sedimentary  series  may  end  alxtiptly  jost 
below  or  at  a  bed  of  shale,  and  the  ore  that  fiOs  it  wiQ  then  be  exposed 
only  where  the  shale  has  been  eroded  away.  The  portion  of  a  loda 
that  is  now  capped  by  an  impervious  shale  wiQ  not  have  been  enriched 
by  oxygenated  waters  unless,  because  of  certain  structural  conditions, 
such  waters  were  conducted  laterally  below  the  shale  bed  to  the  lode. 
Such  structures  as  thin  saddle  reefs,  thin  anticlines,  and  thin  flat- 
lying  beds  are  not  particularly  favorable  to  extensive  sulphide 
enrichment,  because  they  may  be  eroded  in  comparatively  short 
time  aod  becaase  the  conditions  below  the  deposits  they  contain 
are  not  likely  to  be  so  favorable  to  precipitation  as  they  are  in 
deposits  or  in  parts  of  deposits  that  are  underlain  by  sulphide  ores. 
In  the  absence  of  material  below  that  may  react  with  the  solutions 
and  readily  cause  precipitation,  the  metals  are  likely  to  be  scattered. 
Nearly  vertical  or  steeply  dipping  tabular  deposits  are  in  a  position 
favorable  for  secondary  concentration,  but  sulphide  enrichment  may 
l>o  extensive  also  in  large  isodiametric  deposits,  or  in  thick  deposits 
that  stand  in  anv  attitude. 

Deposits  that  outcropped  at  one  time  but  are  now  covered  by 
sedimentary  rocks  or  by  later  lava  flows  may  have  been  exposed  to 
weathering  and  may  have  been  enriched  by  oxygenating  water  before 
the  beds  covering  them  were  laid  down.  It  can  not  safely  be  assumed 
that  the  rich  ores  below  the  beds  covering  such  deposits  are  primaiy 
and  therefore  likely  to  extend  downward  to  indefinite  depths.  The 
tti'comlary  zones  would  obviously  be  related  to  a  topography  that 
existed  long  ago  and  not  to  the  present  one. 

Systems  of  postmineral  fractures  in  ore  and  country  rock  are 
structural  features  of  obvious  importance  in  the  consideration  of  the 
enrichment  of  any  ore  deposit. 

GLACIATION. 

In  comparatively  late  geologic  time  a  considerable  portion  of  North 
America  was  capped  by  a  continental  ice  sheet,  which  removed  by 
erosion  the  loose  <16bris  and  the  surface  rock  over  great  areas.  Gla- 
ciation  was  most  extensive  in  northern  latitudes,  but  the  continental 
glacic^r  extended  southward  as  far  as  Ohio  and  Missouri  rivers,  and 
smaller  glaciers  accumulated  in  the  more  lofty  mountain  ranges  of 
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the  American  Cordillera.  Many  of  the  ore  deposits  that  lay  in  the 
paths  of  the  glaciers  were  planed  off,  and  the  ores  in  their  upper 
sones  were  scattered  in  the  rocky  material  which  was  left  when  the 
ice  had  melted.  Erratic  fragments  of  such  deposits  have  been  car- 
ried far  from  their  sources  and  have  been  the  cause  of  much  fruitless 
prospecting. 

The  outcrop  of  an  ore  body  may  be  removed  gradually  by  erosion 
l)y  water,  but  weathering  generally  precedes  erosion.  The  solutions 
(nay  leach  the  valuable  minerals  from  the  outcrop  and  may  precipi- 
tate them  at  a  lower  level,  where  they  wiH  be  preserved.  But  weath- 
dring  does  not  attend  erosion  by  ice,  and  chemical  action  at  low  tem- 
peratures is  slight;  consequently  the  metals  present  in  the  portions 
3f  the  deposits  that  are  removed  are  likely  to  be  scattered.  The 
Bxtent  to  which  the  ore  deposits  in  a  glaciated  region  were  weathered 
or  otherwise  altered  by  surface  agencies  before  the  glacial  period 
began  can  not  be  estimated.  The  amount  of  rock  removed  by  the 
continental  ice  sheet  is  known  to  be  considerable,  however,  for  the 
drift  which  it  deposited  is  in  many  places  more  than  200  feet  thick. 
It  is  probable  that  glacial  erosion  was  in  places  equally  great  or 
greater.  Whatever  the  amount  of  ice  erosion,  it  appears  to  have  been 
sufficient  to  remove  the  highly  altered  zones  in  most  parts  of  northern 
North  America. 

As  stated  already,  the  processes  of  solution  and  enrichment  are 
retarded  in  regions  of  low  temperature.  The  areas  in  which  ice 
erosion  has  been  most  vigorous  are  those  in  which  the  lower  tempera- 
tures prevail  to-day,  and  there  is  reason  to  suppose  that  the  deposits 
In  these  areas  were  not  so  deeply  altered  before  the  glacial  epoch  as 
were  similar  deposits  at  lower  latitudes.  In  Canada  and  in  Alaska 
there  are  few  large  deposits  of  sulphide  ores  which  are  clearly  of  sec- 
ondary origin.  If  the  deposit  at  the  Bonanza  mine  in  the  Chitina 
copper  region,  Alaska,  is  primary  no  large  rich  secondary  sulphide 
deposits  in  Alaska  are  known  to  me.  (See  pp.  17  and  215.)  The 
sulphide  ores  now  exploited  in  Canada,  except  possibly  the  deposits 
at  Cobalt,  in  the  silver-bearing  region  of  Ontario  (which  some  have 
considered  of  secondary  origin),  and  certain  well-authenticated  exam- 
ples in  British  Columbia,  are  generally  believed  to  be  primary. 
I  know  of  no  important  secondary  deposits  in  New  England.  Small 
deposits  of  chalcocite  ores  were  exploited  in  the  lily  district,  Ver- 
mont. In  a  copper  deposit  at  Milan,  N.  H.,  where  the  sulphides  out- 
crop at  the  very  surface,  no  considerable  amount  of  oxidation  has 
taken  place  below  30  feet,  and  in  general  oxidation  is  trivial  at  even 
shallower  depths.  Only  a  little  chalcocite  enrichment  has  taken  place, 
the  secondary  ore  consisting  of  primary  yellow  sulphides  coated  with 
thin  films  of  chalcocite,  adding  to  its  value  probably  not  more  than 
1  per  cent. 
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In  Norway  and  Sweden,  according  to  Vogt,^  the  surface  has  been 
polished  clean  by  the  Quaternary  ice  sheet,  and  secondary  alteration 
is  insignificant. 

Glaciers  do  not  erode  their  beds  equally  at  all  places.  In  their 
higher  portions,  where  the  ice  is  accumulating,  pressures  are  greater, 
the  ice  is  more  rigid,  and  erosion  is  more  vigorous.  Near  the  margins, 
where  the  ice  is  melting,  deposition  exceeds  erosion  and  the  deposit 
of  drift  protects  the  surface  from  wear.  These  differences  are  veiy 
conspicuous  in  some  mountainous  sections  of  the  West  where  the 
glaciers  covered  only  portions  of  the  country  and  the  processes  are 
more  clearly  shown.  In  some  of  the  ranges  of  Montana,  Colorado, 
and  Utah,  where  ore  deposits  are  numerous  and  varied,  the  evidences 
of  mountain  glaciation  are  conspicuously  preserved.  At  some  places 
the  mountain  glaciers  seem  to  have  removed  very  little  of  the  altered 
ore,  for  the  secondary  sulphide  zones  and  even  the  oxidized  ores  are 
intact,  and  some  of  these  appear  to  be  too  extensive  to  have  formed 
since  the  Quaternary  glacial  epoch.  The  Amethyst  lode  at  Creede, 
Colo.,  has  an  extensive  secondary  zone,  and  one  end  of  this  lode  was 
overridden  by  the  ice  in  late  geologic  time.  In  general,  erosion  by 
mountain  glaciers  has  been  localized,  the  maximum  wear  taking 
place  near  the  heads  of  the  glaciers. 

Erosion  by  the  continental  glaciers  is  also  somewhat  erratic,  for 
great  differences  in  the  effect  of  the  action  of  ice  may  be  seen  in  a 
comparatively  small  area.  In  the  Mesabi  range  of  Minnesota  the 
hard,  fresh  country  rock  is  polished  clean  in  places,  whereas  a  few  rods 
away  and  at  but  slightly  lower  elevations  thick  bodies  of  cellular, 
almost  powdery  iron-oxide  ore  remain  intact.  These  facts  suggest 
that  other  important  secondary  zones  may  be  encountered  when  the 
area  overridden  by  the  continental  ice  sheet  is  more  thoroughly 
developed. 

THE  UNDERGROUND  CIRCULATION, 

OPENINGS  IN  THE  EABTH'S  CBUST. 

As  emphasized  by  Van  Hise  in  his  treatise  on  metamorphism  *  the 
outer  part  of  the  earth's  crust  may  be  divided  into  three  zones,  dif- 
ferentiated by  character  of  deformation — an  upper  zone  of  fracture, 
a  lower  zone  of  flowage,  and  a  middle  zone  of  combined  fracture  and 
flowage.  The  zone  of  fracture  is  near  the  surface.  The  openings  in 
the  rocks  of  this  zone  are  comparatively  stable  because  the  weight 
of  the  overlying  load  of  material  is  less  than  the  crushing  strength  of 
the  rock.  At  greater  depths,  where  the  differences  in  the  stresses 
exceed  the  strength  of  the  rocks,  openings,  if  formed,  would  almost 

1  Vogt,  J.  H.  L.,  Problems  in  the  geology  of  ore  deposits,  in  Po5.}pn^,  Franz,  The  genesis  of  ore  depoaittk 
1902,  p.  675. 

•  Van  Hise,  C.  R.,  A  treatise  on  metamorphism:  Mon.  U.  S.  Geol.  Survey,  vol.  47, 1904,  pp.  187-191;  Pxft^ 
dplet  of  pr»Oambrlan  North  American  geology:  Sixteenth  Ami.  Rept  U.  8.  Qeol.  Survey,  pt  1, 1896.  p.  581. 
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immediately  be  closed  by  pressure.  It  is  estimated  that  for  all  but 
the  strongest  rocks  fiowage  would  b^in  at  depths  not  greater  than  5 
or  6  miles,  where  the  weight  of  the  overlying  mass  is  greater  than  the 
crushing  strength  of  the  rocks,  but  there  are  some  reasons  for  extend- 
ing this  estimate  of  the  zone  of  fracture  to  even  greater  depths.  This 
problem  has  recently  been  investigated  experiment aUy  by  F.  D.  Adams  * 
and  mathematicaUy  by  L.  V.  King.'  Small  holes  were  bored  in  cylin- 
ders of  granite  that  were  inclosed  in  hollow  cylinders  of  nickel  steel. 
Thus  confined,  the  granite  sustained  loads  of  nearly  100  tons  per 
square  inch,  a  load  more  than  seven  times  as  great  as  that  which  will 
crush  it  at  the  surface  of  the  earth  in  the  usual  laboratory  tests. 
Adams  concludes  that,  under  the  conditions  of  pressure  and  tempera- 
ture that  are  believed  to  prevail  within  the  earth's  crust,  cavities  and 
fissures  may  exist  in  granite  to  a  depth  of  at  least  1 1  miles  and  may 
exist  at  still  greater  depths  if  they  are  filled  with  water,  gas,  or  vapor, 
owing  to  the  pressure  exerted  by  the  liquid  or  gas  on  their  inner  surfaces. 
Sulphide  enrichment,  however,  is  probably  confined  to  the  upper 
part  of  the  zone  of  fracture,  and  although  transfers  of  certain  mate- 
rials may  take  place  in  the  deeper  zones,  these  do  not  come  within  the 
scope  of  this  investigation.  The  deepest  bodies  of  secondary  sulphide 
ores  now  exposed  lie  at  comparatively  shallow  depths;  most  of  them 
less  than  1,000  feet  below  the  surface,  and  nearly  all  that  have  been 
developed  lie  at  depths  less  than  2,000  feet.  The  depth  at  which 
precipitation  takes  place  depends  not  only  on  the  rate  at  which  the 
solutions  are  carried  downward  but  also  on  the  rate  at  which  they 
react  on  the  walls  of  their  conduits.  Although  openings  may  exist  at 
depths  of  several  miles,  they  would  not  become  channels  of  circulation 
unless  they  were  connected.  There  is  without  doubt  a  tightening  of 
the  rocks  a  few  hundred  feet  below  the  surface,  for,  as  pointed  out  by 
Kemp  •  and  by  Finch,*  the  lower  levels  of  many  deep  mines  are  dry. 

THE  LEVEL  OF  6BOT7ND  WATER. 

The  terms  ** water  table"  and  "level  of  ground  water"  are  gener- 
ally used  to  describe  the  upper  limit  of  the  zone  in  which  the  openings 
in  rocks  are  filled  with  water.  This  upper  limit  of  the  zone  of  satura- 
tion is  not  a  plane  but  a  warped  surface.  It  follows  in  general 
the  topography  of  the  country  but  is  less  accentuated.  It  is  not 
so  deep  below  a  valley  as  below  a  hill  but  rises  with  the  country 
toward  the  hilltops  and  in  general  is  higher  there  than  in  the  valleys. 
Although  the  water  in  the  zone  of  saturation  does  not  move  rapidly, 

1  Adams,  F.  D.,  An  experimental  contribution  to  the  question  of  the  depth  of  the  sone  of  flow  in  the  earth's 
crust:  Jour.  QwAogj,  rcL  20, 1913,  pp.  97-llS. 

s  King;,  L.  V.,  On  the  limiting  strength  of  rocks  under  oonditions  of  stress  existing  in  the  earth's  interior 
Jour.  Geology,  yoI.  20, 1912,  pp.  11»-13S. 

s  Kemp,  J.  F.,  The  rMe  of  the  igneous  rocks  in  the  formation  d  v«ins,  in  Poiepn^,  Frmns,  The  genesis 
dose  deposits,  1902,  p.  608. 

«  FIneh,  J.  W*.,  The  droulatioo  of  andergroaod  aqoaous  solntlcBi  vad  Urn  dspoiltloQ  of  lode  Ofes:  Proe. 
OokndofleL  Boo.,  rtL  7, 1904,  pp.  19^-262. 
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it  is  not  stationary.  If  there  is  a  lower  outlet,  it  will  move  toward 
that  point.  Its  movements  are  slow,  however,  and  it  may  follow 
a  very  circuitous  route  before  it  issues  again  at  the  surface.  It 
follows  the  paths  of  least  resistance,  and  if  these  are  downward  the 
wat^r  may  sink  to  great  depths  before  it  rises,  under  pressure,  to 
make  its  exit  at  some  point  which  is  lower  than  that  at  which  it 
first  entered  the  belt  of  saturation.  Thus  the  water  table  may  be 
considered  a  kind  of  indicator  that  registers  the  differences  between 
the  loss  or  leakage  of  the  zone  of  saturation  and  the  addition  from  the 
surface. 

As  the  country  is  eroded,  the  water  level  moves  downward  and, 
within  certain  limits  also,  it  changes  with  the  seasons.  In  dry 
years  it  is  deeper  than  in  wet  years,  and  in  dry  seasons  it  is  deeper 
than  in  wet  seasons.  The  difference  of  elevation  between  the  top 
of  this  zone  in  a  wet  year  and  in  a  dry  year  is  normally  greater 
under  the  hilltop  than  on  the  slopes  and  in  the  valleys.  In  mines 
where  the  ground  is  open  the  level  of  ground  water  probably  changes 
with  every  considerable  rain.  Consequently  there  is  a  zone  that 
is  above  ground-water  level  in  dry  periods  but  below  it  in  wet 
periods,  and  in  moist  hilly  countries  this  zone  may  be  of  consid- 
erable vertical  extent.  Thus  the  water  table  oscillates,  though 
in  general  it  moves  downward  with  degradation  of  the  land  surface. 

THE  VADOSE  CTRCXTLATlOIf. 

Of  the  rain  that  falls  on  the  surface  a  part  is  drained  off  by  rills 
and  streams,  another  part  is  evaporated,  and  still  another  part  soaks 
deep  into  the  ground,  passes  downward,  and  is  added  to  the  water  of 
the  zone  of  saturation.  The  zone  mentioned  under  the  preceding 
heading — a  zone  that  lies  above  the  zone  of  saturation  and  may  be 
relatively  dry  during  a  dry  period  but  soaked  mth  water  after  a 
wet  period — includes  openings  which  in  a  relatively  dry  time  are 
filled  with  air;  consequently  the  water  that  soaks  into  the  ground 
after  a  subsequent  rain  or  snow  is  aerated  and  thus  becomes  a  more 
active  agent  of  solution.  The  downward  movement  of  such  water 
toward  the  zone  of  saturation  has  been  termed  the  "vadose"* 
circulation.  The  depth  or  thickness  of  this  vadose  zone  is  variable, 
for  its  lower  limit  depends  on  the  variable  level  of  ground  water. 
Near  permanent  streams  or  lakes  and  other  bodies  of  water  this  limit 
is  not  much  higher  than  they  are.  In  moist  hilly  countries  its  depth 
from  the  surface  varies  from  a  few  feet  to  several  hundred  feet.  In 
arid  regions,  where  the  rainfall  is  low  and  evaporation  is  rapid,  this 
zone  may  extend  to  much  greater  depths.     It  is,  in  the  main,  a  zone 

1  PoSepn^,  Franz,  The  genesis  of  ore  deposits,  19Q2,  p.  18.     PoSepn^  includes  in  the  "vadose"  drculatlan 
water  below  the  "permanent  water  level." 
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of  solution;  consequently,  its  rocks  are  open  and  circulation  within 
it  is  comparatively  rapid. 

THE  DEEPER  OIBCUULTION. 

The  circulation  of  the  water  in  the  belt  of  saturation  depends  on  the 
relief  of  the  country  and  on  the  number,  continuity,  spacing,  and  size  of 
the  openings  in  the  rocks.  Under  hydrostatic  head  the  waters  in  this 
zone  move  to  points  of  less  pressure  and  issue  at  points  lower  than 
those  of  entry.  If  the  deposit  is  tight  and  there  are  no  deep  outlets 
the  principal  movement  is  shallow,  following  down  the  grade  of  the 
undulating  water  table.  As  a  rule  movement  in  the  deeper  zone  is 
much  slower  than  in  the  vadose  zone,  because  the  openings  are  less 
abundant  and  also  because  they  are  smaller,  so  that  friction  on  their 
walls  is  greater.  Some  have  maintained  that  the  deeper  circulation 
is  fairly  vigorous,  but  so  far  as  may  be  inferred  from  the  developments 
of  deep  mines  it  appears  that  the  underground  circulation,  in  many 
places  at  least,  is  exceedingly  sluggish.  The  depths  to  which  the 
solutions  descend  is  a  question  concerning  which  there  are  great 
differences  of  opinion.  In  some  rocks,  under  favorable  structural 
conditions,  surface  waters  are  conducted,  in  porous  beds  or  along 
fractured  zones,  several  thousand  feet  below  the  surface,  but  in  other 
rocks  little  or  no  water  is  collected  at  depths  of  more  than  a  few 
hundred  feet. 

The  shallowness  of  the  zone  of  the  meteoric  circulation  has  been 
emphasized  by  Kemp  *  and  by  Finch.'  In  the  copper-bearing  region 
of  Keweenaw  Point,  Mich.,  the  lower  ends  of  several  shafts  that  pene- 
trate many  layers  of  bedded  rocks  are  dry  and  dusty.  One  of  these 
shafts  is  sunk  about  a  mile  befow  the  surface,  but  no  water  is  raised 
from  the  deeper  levels.  At  Przibram,  Bohemia,  no  water  is  raised 
from  depths  below  2,500  feet,  although  the  workings  extend  below 
3,500  feet.  The  water  raised  in  the  Dives-Pelican  mine,  Georgetown, 
Colo.,  from  the  sump,  2,000  feet  below  the  surface,  was  not  greater 
in  quantity  than  that  which  was  pumped  from  the  mine  when  the 
bottom  of  the  shaft  was  at  higher  levels.  The  drainage  tunnels  at 
Cripple  Creek  become  nearly  dry  a  few  years  after  they  are  run, 
indicating  that  the  waters  in  that  area  are  stored  in  the  funnel  of 
the  volcanic  complex  which  is  surrounded  by  relatively  impervious 
granite  and  crystalline  schists.'  In  the  lower  levels  of  deep  mines  of 
Butte,  Mont.,  there  is  very  little  water  except  that  which  flows  in 
from  higher  levels.     In  many  comparatively  deep  mines  of  the  arid 

i  Kemp,  J.  F.,  The  rOle  of  the  Igneoiis  rocks  in  the  formatioii  of  veins,  In  PoSepn^.  Franx,  The  genesis  of 
ore  deposits,  1902,  pp.  681-809. 

*  Finch,  J.  W.,  The  circulation  of  underground  aqueous  solutions  and  the  deposition  of  lode  ores:  Proc. 
Colorado  Scl.  Soc.,  vol.  7,  1904,  pp.  193-252. 

•  Llndgren,  Waldemar,  and  Ranaome,  F.  L.,  Geology  and  gold  deposits  of  the  Cripple  Cieek  distriot 
OolonMlo:  Prof.  Paper  U.  8.  Oeol.  Surrey  No.  64, 1908,  p.  2K. 
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Southwest  no  body  of  standing  water  has  been  encountered.  At 
Tintic,  Utah,  according  to  Finch/  water  for  drilling  is  conducted  into 
the  mines  from  the  surface.  Many  deep  bore  holes  sunk  in  search  of 
oil  and  water  have  proved  to  be  dry.  These  and  many  other  exam- 
ples indicate  that  the  water  circulation  is  exceedingly  sluggish  in 
some  regions  a  short  distance  below  the  surface. 

On  the  other  hand,  it  should  be  noted  that  large  volumes  of  water 
were  Uf ted  for  considerable  periods  from  deep  levels  of  the  C!omstock 
lode,  of  the  Granite-BimetaUic  mine  in  Montana,  of  the  Commodore 
mine  at  Creede,  Colo.,  and  of  a  great  many  other  mines  that  have 
been  developed  more  than  2,000  feet  below  the  surface.  From  this 
it  appears  that  local  differences  in  the  underground  circulation  are 
extreme.  The  amount  of  fracturing  of  the  deposits  and  especially 
the  size  of  the  openings  seem  to  be  the  most  important  factors  con- 
trolling the  rate  of  the  circulation.  Friction  that  retards  flow  multi- 
pUes  with  decrease  in  size  of  channels. 

THE  REGION  OF  NEABLY  STAGNANT  WATERS. 

The  zone  of  the  deeper  circulation  varies  greatly  in  depth  and 
vertical  extent.  Its  water  is  discharged  at  points  that  are  not  lower 
than  the  lowest  elevation  of  the  country,  and  if  numerous  points  of 
discharge  are  located  along  a  lode  that  outcrops  at  several  different 
elevations  there  will  be  a  considerable  lateral  movement  of  the  waters 
toward  these,  for  the  solutions  move  to  points  of  less  pressure.  If 
lower  rocks  are  saturated  and  their  openings  are  filled,  the  solutions 
descending  from  above  wiH  find  any  lateral  outlet  that  is  available. 
In  some  deposits  the  solutions  doubtless  descend  to  points  lower 
than  the  lowest  outlets  and  rise  again  to  issue  at  such  outlets,  but 
such  circulation  is  probably  slight  compared  to  the  circulation  that 
keeps  closer  to  the  surface  owing  to  the  nearness  of  points  of  issue 
which  are  located  at  the  surface.  Where  there  are  structures  that 
afford  passages  like  inverted  siphons  there  may  be  a  considerable 
movement  of  water  below  the  lowest  outlet,  but  under  conditions 
of  fairly  regular  spacing  of  openings  along  the  lode  the  circulation 
becomes  less  and  less  vigorous  as  depth  increases  below  the  lowest 
outlet.  There  is  thus  a  division,  probably  everywhere  somewhat 
indefinite,  between  the  sluggish  deeper  circulation  and  a  zone  of 
static  or  nearly  stagnant  waters  below  it.  This  conception  has  been 
clearly  developed  by  Finch  in  his  paper  on  the  circulation  of  under- 
ground waters.'  There  is  much  evidence  that  in  some  rocks  the  top 
of  this  zone  Hes  within  a  few  hundred  feet  of  the  surface  or  even  less, 
but  where  there  are  deep  open  fissures  it  may  be  much  deeper.  Finch 
cites  considerable  evidence  to  show  that  rocks  are  generally  dry  below 

I  Finch,  J.  W.y  The  circulation  of  underground  aqueous  solutions  and  the  deposition  of  lode  ores:  Proo. 
Colorado  8H.  Soc.,  vol.  7, 1004,  p.  216. 
'Idem,  ]>.  aoo. 


DOWNWARD  CHANGE  IN  SULPHIDE  DEPOSITS.  31 

depths  of  1,000  or  1,500  feet,  except  where  they  are  strongly  frac- 
tured. Long  dry  crosscuts,  so  familiar  to  all  who  have  worked  in 
deep  mines,  point  clearly  to  this  conclusion. 

THE  SEYERAIi  SUCCESSIVE  ZONES. 

DOWNWABD  CHANGE  IN  SULPHIDE  DEPOSITS. 

As  is  clearly  set  forth  by  R.  A.  F.  Penrose,  jr.,  S.  F.  Emmons, 
W-  H.  Weed,  and  others,  many  sulphide  deposits  show  characteristic 
changes  from  the  surface  down  the  dip.  At  and  near  the  surface 
the  deposits  are  generally  oxidized  and  stained  with  limonite.  The 
outcrop  and  the  upper  part  of  the  oxidized  portion  of  the  deposit 
may  be  poor.  Below  thb  there  may  be  rich  oxidized  ores;  still 
farther  down,  rich  sulphide  ores;  and  below  the  rich  sulphides,  ore  of 
relatively  low  grade.  This  lowest  ore  is  commonly  assumed  to  be  the 
primary  ore,  from  which  the  various  kinds  of  ore  above  have  been 
derived.  The  several  kinds  of  ore  have  a  rude  zonal  arrangement, 
the  so-called  "zones"  being,  like  the  water  table,  highly  undulatory. 
They  are  related  broadly  to  the  present  surface  and  generally  to  the 
hydrostatic  level  but  may  be  much  more  irregular  than  either,  for 
they  depend  in  large  measure  on  the  local  fracturing  in  the  lode  which 
controls  the  circulation  of  underground  waters.  Any  zone  may  be 
thick  at  one  place  and  thin  or  even  absent  at  another.  If  these 
zones  are  platted  on  a  longitudinal  vertical  projection  it  is  seen  that 
the  primary  sulphide  ore  may  here  and  there  project  upward  far 
into  the  zone  of  secondary  sulphides,  or  into  the  zone  of  enriched  oxides, 
or  into  the  zone  of  leached  oxides,  or  may  even  be  exposed  at  the 
surface.  The  zone  of  sulphide  enrichment  (which  is  not  everywhere 
present)  may  project  upward  far  into  the  zone  of  rich  oxidized  ore, 
or  into  the  zone  of  leached  oxides,  or  may  outcrop  at  the  surface. 
The  zone  of  sulphide  enrichment  nearly  always  contains  considerable 
primary  ore,  and  very  commonly  the  so-called  secondary  ore  is  merely 
the  primary  ore  containing  in  its  fractures  small  seams  of  rich  sec- 
ondary minerals.  The  zone  of  enriched  oxides  is  generally  found 
above  the  lowest  level  reached  by  the  water  table.  This  zone  in 
places  extends  to  the  outcrop.  The  zone  of  secondary  sulphides  in 
moist  countries  is  in  general  below  the  water  level.  In  arid  countries 
it  may  be  partly  or  entirely  above  the  water  level. 

All  these  zones  except  that  of  the  primary  ore  are,  broadly  con- 
sidered, continually  descending.  Ore  taken  from  the  outcrop  may 
represent  what  was  once  primary  ore;  afterward,  enriched  sulphide 
ore;  still  later,  oxidized  enriched  sulphide  ore;  later  still,  leached 
oxidized  enriched  sulphide  ore;  and  finally  it  became  the  surface  ore 
or  gossan.  Through  more  rapid  erosion  at  some  particular  part  of 
the  lode  any  one  of  these  zones  may  be  exposed,  and  hence  an  out- 
crop of  ore  of  any  character  is  possible. 
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THE  OXIDIZED  ZONE. 
CONDITIONS  ijff  THE   OXIDIZED  ZONE. 

In  the  presence  of  air  and  water  sulphide  ores  break  down  and 
form  soluble  salts  and  minerals  that  are  stable  under  surface  condi- 
tions. No  metallic  sulphide  that  is  long  exposed  to  the  aiction  of 
these  agents  remains  unaltered.  Iron  sulphides,  which  are  present 
in  practically  all  deposits  of  sulphide  ores,  are  changed  to  iron  oxides, 
and  such  a  change  is  attended  by  the  liberation  of  iron  sulphates  and 
sulphuric  acid,  which  under  favorable  conditions  dissolve  many  of 
the  minerals.  In  many  deposits  relatively  stable  basic  iron  sidphates 
are  formed,  but  even  these  eventually  break  down. 

The  oxidizing  zone  is  in  the  main  the  zone  of  solution.  Precipita- 
tion also  takes  place  in  this  zone,  especially  the  precipitation  of  the 
oxides  and  hydrous  oxides  of  iron,  aluminum,  manganese,  and 
silicon.  By  redeposition  deposits  of  the  more  valuable  metals  are 
formed  also  in  this  zone.  Solution  generally  exceeds  precipitation, 
however,  and  by  solution  the  mass  is  reduced  and  open  spaces  are 
enlarged.  In  limestones  many  of  these  spaces,  called  ''water- 
courses/' are  large  enough  for  a  man  to  pass  through.  The  increase 
in  the  size  and  in  the  volume  of  the  openings  renders  the  downward 
circulation  comparatively  free  in  the  zone  of  oxidation.  Regarding 
the  processes  of  solution  at  Bisbee,  Ariz.,  where  oxidized  ores  are 
exceptionally  developed,  I  quote  the  following  from  Ransome:  * 

The  most  marked  physical  effect  of  the  oxidation  of  the  ore  bodies  has  been  a  great 
increase  in  the  porosity  of  the  masses  acted  upon.  This,  Jby  enabling  solutions  to 
jjercolate  easily  through  the  partly  oxidized  zone,  has  greatly  facilitated  the  migra- 
tion and  concentration  of  the  desulphurized  ores  and  their  segregation  in  workable 
masses  from  the  bulk  of  the  limonitic  and  clayey  "ledge  matter." 

The  oxidized  material  is  not  only  more  porous  but  much  softer  and  more  plastic 
than  the  original  mineralized  limestone  and  hence  greatly  weakens  by  its  presence 
the  rocky  structure  in  which  it  occurs.  The  overlying  limestones,  no  longer  ade- 
quately supported,  fissure  and  settle  down  upon  the  soft  plastic  ore  and  gangue.  The 
access  of  solutions  is  thus  still  more  facilitated,  and  the  processes  of  oxidation  and 
solution  proceed  so  much  the  faster.  That  part  of  the  surface  which  is  underlain  by 
oxidizing  ore  bodies  is  thus  rendered  less  resistant  to  erosion,  other  things  being  equal, 
than  the  surrounding  country. 

Some  of  the  metals — for  example,  gold — dissolve  very  slowly  in 
the  zone  of  oxidation.  If  the  other  materials  in  an  ore  deposit  are 
taken  away,  however,  the  ore  may  be  enriched  by  decrease  in  volume, 
in  the  manner  elucidated  by  Rickard.' 

The  liydrous  oxides,  once  formed,  are  comparatively  stable,  and 
under  certain  conditions  the  more  valuable  metals  dissolve  more 

1  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisboe  quadrangle,  Arizona:  Prof.  Paper  U  9, 
0«ol.  Survey  No.  21,  1904,  p.  159. 

sRickard,  T.  A.,  The  formation  of  )x)nan£as  in  the  upper  portions  of  gold  veins,  in  Poiepny,  Frans 
The  genesis  of  ore  deposits,  1902,  pp.  734-755. 


THE.  OXIDIZED  ZONE.  83 

readily  than  the  other  vein  materials  in  the  oxidized  zone.  Conse- 
quently the  oxidized  zones  are  in  general  leached  of  the  valuable 
metals.  Leaching  is  generally  incomplete,  however,  for  owing  to  the 
removal  of  the  outcrops  by  erosion,  new  surfaces  are  presented  to 
attack. 

As  already  stated,  the  oxidized  zone  is  generally  above  a  secondary 
sulphide  zone.  As  the  latter  is  the  richest  part  of  many  deposits  and 
as  the  zone  of  oxidation  is  descending  the  processes  of  oxidation 
attack  materials  tliat  arercomparatively  rich.  In  many  deposits  the 
first  effect  of  oxidation  is  to  convert  the  richer  sulphides  to  rich  oxides; 
consequently  the  lower  part  of  the  oxidized  zone  may  be  as  rich  as  or 
even  richer  than  the  secondary  sulpliide  zone. 

Since  copper  may  replace  iron  sulphides  almost  completely  in  the 
altered  zones  of  some  deposits  the  gossans  in  some  regions  represent 
the  oxidation  product  of  a  chalcocite  zone  nearly  free  from  iron.  Thus 
the  outcrop  may  be  only  slightly  stained  with  iron.  Some  important 
bodies  of  copper  ores  at  Butte,  Mont.,  at  Morenci,  Ariz.,  at  Bingham, 
Utah,  and  at  Cananea,  Mexico,  have  outcrops  composed  of  light- 
colored  kaolinized  rocks  that  are  not  highly  ferruginous. 

SEGREGATION   OF  THE   METALS   IK  THE   OXIDIZED  ZONE. 

As  a  result  of  surface  alteration  the  metab  are  at  many  places 
segtegsited  in  the  oxidized  zone.  At  Ducktown,  Tenn.,  a  pyritic 
copper  ore  is  converted  near  the  surface  into  a  high-grade  iron  ore. 
Bdow  the  iron  ore  is  an  exceptionally  rich  chalcocite  ore,  and  below 
this  the  low-grade  copper  ore,  the  original  deposit  from  which  the  iron 
01  e  and  the  rich  copper  ore  have  been  derived.  At  Ducktown,  as  in 
many  other  districts,  the  processes  of  alteration  are  clearly  related  to 
the  water  level  which  divides  the  zone  of  solution  from  the  zone  of 
precipitation  of  copper,  but  in  certain  districts  where  the  water  level 
is  lower  nodules  of  oxidizing  ore  show  the  same  zonal  arrangement. 
Many  of  theee  nodules  or  spheres  are  made  up  of  successive  shells, 
each  inclosing  a  smaller  one,  like  the  layers  of  an  onion.  Although 
the  spherical  shape  of  some  of  these  nodules  may  be  original,  many 
of  them  have  become  rounded  by  oxidation.  Where  irregular  blocks 
are  inclosed  by  fractures  to  which  water  and  oxygen  have  access, 
processes  of  oxidation,  extending  inward  from  the  fractures  to 
approximately  equal  depths,  tend  to  round  off  irregularities  of  the 
unaltered  mass,  because  the  inequalities  are  the  more  exposed.  The 
processes  may  be  compared  to  concentric  weathering  at  the  surface. 

At  the  Southern  Cross  mine,  near  Cable,  Mont.,  nodules  of  gold- 
bearing  pyrite  are  surrounded  by  shells  of  limonite  which  clearly  have 
been  derived  fiom  the  oxidation  of  the  iron  sulphide  in  place.  Gold 
is  concentrated  in  the  outer  sheik  by  diminution  of  mass,  but  volume 

72293**— Bull.  529—13 3 
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for  volume  the  tenor  of  the  iron  sulphide  and  iron  oxide  is  approx- 
imately the  same.  At  Ijeadville,  Colo.,  according  to  Ricketts,^ 
nodules  of  galena  carry  six  times  as  much  silver  as  the  cerusite 
crusts  that  surround  them.  A  number  of  assays  cited  by  S.  F. 
Emmons '  show  a  silver  content  of  420  ounces  per  ton  of  galena  and 
only  28.6  ounces  per  ton  of  the  corresponding  cerusite  crusts.  In 
view  of  the  fact  that  the  galena  of  Carbonate  Hill  averages  only  145 
ounces  per  ton/  these  figures  seem  to  indicate  addition  of  silver  to 
the  galena,  as  well  as  leaching  of  silver  from  the  carbonate. 

To  illustrate  the  separation  of  copper  and  iron  in  the  zone  of  oxi- 
dation, I  quote  from  Lindgren,  Graton,  and  Gordon*  the  following 
description  of  oxidizing  nodular  masses  in  the  Apache  No.  2  mining 
district,  New  Mexico: 

The  primary  ore  coimists  here  of  a  gangue  of  extremely  coarse  calcite  with  a  little 
iron  and  practically  no  magnesia.  When  this  is  dissolved  in  acid  there  remains  a 
skeleton  of  small  films  and  grains  of  quartz  whose  presence  would  hardly  be  expected 
in  the  apparently  homogeneous  cleavage  pieces.  The  calcite  contains  grains  of 
chalcopyrite  and  small  cubes  of  pyrite.  During  oxidation  this  primary  low-grade  ore 
becomes  surrounded  by  crusts  of  secondary  calcite,  limonite,  hematite,  malachite, 
and  chrysocolla.  The  iron  and  copper  separate,  the  former  being  deposited  in  the 
recrystallized  calcite  as  hydroxide  or  oxide,  while  the  copper  minerals  form  a  thin 
crust  directly  adjoining  the  primary  ore  and  gradually  traveling  inward  aa  the  oxi- 
dation progresses.  This  is  exactly  what  happens  under  the  more  intense  conditions 
of  artificial  oxidation  or  the  roasting  of  chalcopyrite  in  metallurgical  work.  The 
heat  in  the  presence  of  oxygen  will  gradually  concentrate  the  copper  sulphide  or  oxide 
in  the  center  of  the  lump,  while  the  ferric  oxido  forms  a  ehell  which  can  easily  be 
knocked  off. 

Considered  in  more  detail,  the  narrow  ring  of  oxidized  copper  ore  consists  of  alternate 
narrow  bands  of  malachite  and  chrysocolla,  the  latter  being  due  to  the  quartz  dis- 
tributed microscopically  through  primary  calcite.  The  malachite  always  forms  the 
inner  zone  and  projects  into  the  fresh  calcite  as  tufts  of  slender  needles.  In  places  a 
thin  layer  of  calcite  will  separate  the  copper  minerals.  The  wide  outer  crust  consists 
of  recrystallized  calcite  which  only  in  part  has  the  same  orientation  as  the  central 
cleavage  piece  of  primary  ore.  This  recrystallized  calcite  contains  limonite  in  floccu- 
lent  masses,  in  places  distributed  concentrically,  but  does  not  carry  even  a  trace  of 
copper.  At  the  outer  edge  of  the  specimen  the  limonite  changes  to  dark-brown 
hematite. 

At  Bisbee,  Ariz.,  the  segregation  of  the  metals  in  the  zone  of  oxi- 
dation is  shown  on  a  grand  scale.  As  stated  by  James  Douglas,*  a 
large  mass  of  ore  developed  between  the  200  and  400  foot  levels  of 
the  Copper  Queen  mine  consists  of  a  core  of  compact  pyrite  very 
lean  in  copper  surrounded  by  a  shell  of  rich  copper  ore.     According 

>  Rksketts,  L.  D.,  The  ores  of  Leadville  and  their  modes  of  occurrence,  Princeton,  N.  J.,  U83,  p.  37. 

> Emmons,  S.  F.,  Geology  and  mining  industry  of  Leadville,  Colo.,  with  atlas:  Men.  U.  S.  Oeol.  Surrqr, 
▼Ol.  12,  1886,  pp.  653-^4. 

*  Lindgren  Waldemar,  Graton,  L.  C,  and  Gordon,  C.  H.,  The  ore  deposits  of  New  Mezioo:  Prof.  Paper 
U.  S.  Geol.  Survey  No.  68,  1910,  pp.  6&-66. 

« Douglas,  James,  The  Copper  Queen  mine,  Arizona:  Trans.  Am.  Inst.  Min.  Eng.,  vol-  29, 1900,  p.  53L 
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to  Ransome/  a  mass  of  pyrite  was  noted  on  the  1,000-foot  level  of 
the  Lowell  mine,  lying  generally  parallel  with  the  beddmg  of  the 
limestones  and  in  contact  with  partially  oxidized  ore  both  above 
and  below.  Some  native  copper  was  seen  in  the  oxidized  ore  close  to 
the  pyrite.  Similar  residual  masses  of  worthless  pyrite  surrounded 
by  good  ore,  usually  containing  chalcocite,  were  seen  on  the  1,050-foot 
level  of  the  Calumet  &  Arizona  mine. 

The  processes  that  operate  to  form  the  small  nodules  are  probably 
similar  to  those  that  operate  to  form  the  larger  masses.  Many 
details  of  the  chemistry  of  these  processes  have  not  been  worked  out, 
but  it  is  generally  recognized  that  oxidation  favors  the  solution  of 
some  compounds  and  the  precipitation  of  others.  Dilute  acid  in  the 
presence  of  air  dissolves  the  sulphides  of  both  copper  and  iron. 
Iron,  but  not  copper,  is  precipitated  by  hydrolysis  of  sulphates. 
Dilute  acid  in  the  absence  of  air  dissolves  iron  sulphide  but  not 
copper  sulphide,  for  copper  sulphide  is  precipitated  at  the  expense 
of  iron  sulphide  if  air  is  excluded.  The  spherical  bodies  of  enriched 
sulphide  ore  in  the  zone  of  oxidation,  which  are  crusted  with  lower- 
grade,  presumably  leached  oxidizing  ore,  doubtless  illustrate  in  a 
small  way  the  same  processes  that  result  in  the  rearrangement  of  the 
metals  in  the  several  zones  that  are  related  to  depth. 

The  separation  of  lead  carbonate  and  zinc  carbonate  during  the 
oxidation  of  ore  bodies  containing  zinc  and  lead  sulphides  is  con- 
spicuously shown  in  some  districts,  especially  in  ore  bodies  inclosed 
in  limestone.  At  Leadville,  Colo.,  deposits  of  sphalerite,  galena,  and 
pyrite  are  overlain  by  large  oxidized  ore  bodies,  some  of  which  con- 
sist of  argentiferous  cerusite  containing  but  Uttle  zinc  and  others 
of  iron-stained  smithsonite  containing  little  lead.  At  some  places  a 
zone  of  smithsonite  is  below  one  of  lead  carbonate.  At  the  Kelly 
mine,  in  the  Magdalena  district,  N.  Mex.,  these  processes  have  taken 
place  on  a  smaller  scale  but  are  very  clearly  indicated.  There, 
according  to  Lindgren,  Graton,  and  Gordon,'  the  primary  ore  con- 
sists of  zinc  blende,  magnetite,  a  little  pyrite,  and  galena.  As  stated 
by  these  writers — 

The  depth  of  oxidation  ia  about  300  feet.  ♦  ♦  ♦  In  the  oxidized  stopes  nearer 
the  surface  the  zinc  and  lead  part  company.  The  oxidized  zinc  ores  form  wide  stopes 
in  which  caves  large  enough  for  a  man  to  crawl  into  are  coated  with  beautiful  botryoidal, 
light-green  masses  of  smithsonite.  The  crust  of  this  material  is  almost  3  inches  thick, 
and  underneath  is  a  dark  powdery  material  rich  in  manganese  but  also  containing 
much  zinc.  The  lead  stopes  are  much  smaller  and  are  composed  of  almost  pure 
''sand  carbonate"  with  occasional  bunches  of  galena. 

1  Ranaomty  F.  L.,  The  geolosj  and  ore  depodta  of  the  Bisbee  qaadrangle,  Arixona:  Prof.  Paper  U.  S. 
QeoL  Survey  No.  21, 1904,  p.  140. 

t  Lindsren,  Waldemar,  Oraton,  L.  C.,aiid  Qordon,  C  £L»  The  ore  depodta  of  New  Mexioo:  Prof.  Paper 
U.  8.  OeoL  Survey  No.  68»  1910,  p.  65. 
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DEPTH  OF  THE  OXIDIZED   ZONE. 

The  depth  of  the  zone  of  oxidation  and  the  extent  of  oxidation 
within  that  zone  depend  upon  the  permeability  of  the  ore  and  its 
character  and  composition.  Conditions  differ  greatly  in  different 
districts  and  even  in  different  deposits  in  the  same  district.  The 
depth  of  thorough  oxidation  is  generally  less  than  the  depth  of  the 
vadose  circulation,  for  oxidation  follows  the  depression  of  the  water 
level.  Where  the  ground-water  level  has  been  depressed  by  rela- 
tively rapid  climatic  change  rather  than  by  the  gradual  downward 
migration  of  ground  water  that  attends  the  normal  degradation  of  a 
country,  the  rate  of  its  depression  may  be  more  rapid  than  that  of 
the  zone  of  oxidation,  and  in  consequence  the  sulphide  ores  may  be 
marooned  in  the  vadose  zone.  In  an  arid  country  oxidation  is 
probably  slow,  for  it  depends  in  a  measure  on  the  supply  of  oxygen- 
bearing  waters.  Thus  at  Tonopah,  at  Morenci,  and  in  some  other 
districts  in  the  Southwest  the  lower  limit  of  oxidation  has  lagged 
far  behind  the  downward-migrating  water  level. 

Some  deposits  are  oxidized  to  great  depths.  At  Bisbee,  according 
to  Ransome/  partial  oxidation  has  been  noted  at  depths  more  than 
1,600  feet  below  the  sxirface.  At  Tintic  recent  developments  have 
exposed  oxidized  ores  more  than  2,000  feet  below  the  surface.  The 
Old  Abe  mine,  in  the  White  Oaks  district,  Lincoln  County,  N.  Mex., 
according  to  Lindgren,  Graton,  and  Gordon,  has  been  worked  to  a 
depth  of  1,380  feet,  yielding  rich  oxidized  ores.'  The  water  level  in 
this  mine  is  1,300  feet  below  the  surface.  In  the  Brooklyn  mine  at 
Bingham,  Utah,'  oxidation  is  said  to  extend  1,450  feet  below  the 
surface.  In  the  Snowstorm  mine,  in  the  Coeur  d*Alene  district, 
Idaho,  according  to  Ransome,  carbonates  of  copper  are  found  about 
1,200  feet  below  the  outcrop  of  the  lode.*  At  Creede,  Colo.,  partial 
oxidation  has  extended  locally  more  than  1,000  feet  below  the 
surface. 

At  Tonopah,  Nev.,*  the  depth  of  oxidation  i?  variable.  In  veins 
that  outcrop  oxidation  has  taken  place  locally  to  depths  greater  than 
700  feet.  Veins  which  do  not  outcrop  but  which  arc  capped  by  vol- 
canic rocks  later  than  the  ore  show  comparatively  Uttle  oxidation. 
A  single  fracture  line  or  a  fault  line  may  divide  the  oxidized  from 
the  unoxidized  ore  and  rock.     In  tliis  district  no  standing  ground 

1  Ransome,  F.  L.,  written  communication. 

'  Lindgren,  Waldcmar,  Graton,  L.  C,  and  Gordon,  C.  II.,  The  ore  deposita  of  New  Mexico:  Prof.  Paper 
U.  S.  Geo!.  Survey  No.  68,  1910,  p.  60. 

*  Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  S.  GeoL 
Survey  No.  38, 1905,  p.  215. 

*  Ranflome,  F.  L.,  and  Calkins,  F.  C,  The  geology  and  ore  deposits  of  the  Coeur  d'Alene  district,  Idaho: 
Prof.  Paper  U.  8.  Geol.  Survey  No.  62, 1908,  pp.  150-152. 

*  Spurr,  J.  £.,  Geology  of  the  Tonopah  mining  district,  Nevada:  Prof.  Paper  U.  8.  Geol.  Survey  No.  O, 
1906,  p.  90. 
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water  has  been  encountered  in  the  mine  workings,  whieh  extend  to 
depths  greater  than  1,100  feet.* 

At  Przibram,  Bohemia,  in  a  comparatively  moist  climate,  oxida- 
tion extends,  according  to  Beck,  from  200  to  900  feet  below  the 
surface.  In  some  other  moist  districts,  as  at  Ducktown,  Tenn.,  the 
oxidized  ores  are  not  more  than  100  feet  below  the  present  surface. 

At  Butte,  Mont.,  according  to  Reno  Sales,'  in  the  vicinity  of  the 
St.  Lawrence  and  Mountain  View  mines,  the  depth  of  oxidation  is 
nearly  400  feet,  although  in  many  parts  of  the  camp  it  is  only  10  feet. 
The  depth  of  oxidation  in  this  district  depends  largely  on  the  composi- 
tion of  the  country  rock — to  a  greater  degree,  in  fact,  than  on  the 
topographic  features.  The  more  complete  the  alteration  and  pyxitiza- 
tion  the  greater  the  depth  of  oxidation.  In  the  central  copper  area, 
where  the  '* granite"  is  strongly  altered  and  pyritized,  the  upper  limit 
of  sulphides  is  roughly  a  horizontal  plane,  although  the  surface  contours 
in  the  same  area  show  variations  of  300  feet.  Over  the  remainder  of 
the  copper  area  the  average  depth  of  oxidation  is  approximately  50 
feet.  The  depth  of  oxidation  in  the  veins  is  influenced  to  a  slight 
degree  by  the  physical  character  of  the  veins  themselves.  Under  like 
conditions  a  quartz  vein  is  oxidized  to  a  greater  depth  than  a  fault  or 
"granite  vein,''  owing  to  the  greater  impermeability  of  the  clay  and 
crushed  '* granite"  of  veins  of  the  latter  class. 

At  Tintic,  Utah,  the  limit  of  oxidation  in  fractured  limestone  is  at 
least  2,000  feet  deep,  but  the  ground-water  level  and  zone  of  imaltered 
sulphides  in  igneous  rocks  scarcely  half  a  mile  away  is  only  200  or 
300  feet  from  the  surface.'* 

At  Cripple  Creek,  Colo.,  partial  oxidation  is  found  in  some  places 
at  deptliis  of  1,200  feet,*  but  in  other  places  it  is  relatively  shallow. 

SUBMERGED   OXIDIZED   ORES. 

As  already  stated,  the  oxidized  ore  is  generally  above  the  ground- 
water level,  and  in  arid  countries  oxidation  is  seldom  complete  at 
depths  considerably  above  that  level.  In  deep  mines  little  smears  or 
veinlets  of  oxidized  material,  generally  a  mixture  of  kaolin  and 
limonite  or  of  kaolin  and  manganese  oxide,  are  found  at  considerable 
depths.  In  moist  coimtries  such  veinlets  were  probably  deposited 
below  the  water  level.  As  the  solutions  descend,  their  acidity  is 
reduced,  and  some  of  the  metals  which  may  be  held  in  acid  solutions 
would  be  precipitated  by  a  decrease  of  acidity. 

» Spun,  J.  E.,  op.  cit.,  p.  96. 

s  Sales,  R.  H.,  Superficial  alteration  of  the  Butte  veins:  Econ.  Geology,  vol.  5, 1910,  p.  19. 

s  Tower,  Q.  W.,  Smith,  G.  O.,  and  Emmons,  S.  F.,  Tintic  Special  folio  (No.  65),  Geol.  Atlas  U.S.,  U.  S. 
Geol.  Survey,  1900,  p.  5.  Emmons,  8.  F.,  The  secondary  enrichment  of  ore  deposits,  in  Pofepn^,  Franz, 
The  genesis  of  ore  deposits,  1902,  p.  438.    Lindgren,  Waldemar,  oral  communication. 

« Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Geology  and  gold  deposits  of  the  Cr^le  Creek  district, 
Colorado:  Prof.  Paper  U.  8.  Geol.  Survey  No.  64, 1906,  p.  196. 
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Extensive  oxidation  is  probably  limited  to  those  parts  of  deposits 
that  lie  above  the  ground-water  level  at  the  time  of  oxidation.  In 
some  deposits,  however,  the  ores  are  extensively  oxidized  below  the 
water  level.  According  to  B.  S.  Butler/  the  ores  of  the  Harring- 
ton-Hickory mine,  near  Milford,  Utah,  are  oxidized  at  least  100 
feet  belaid  the  present  water  level.  At  Bisbee,  Ariz.,  the  depth  of 
oxidized  ore  ranges  from  200  to  1,600  feet  and  the  deeper  oxidized  ores 
are  submerged.  As  shown  by  Ransome  (p.  182),  the  altered  ores  are 
related  to  a  tilted  pre-Comanche  erosion  surface  rather  than  to  that 
existing  to-day. 

Where  ore  bodies  are  extensively  oxidized  far  below  the  ground- 
water level  it  is  reasonable  to  infer  that  the  level  of  the  ground  water 
has  risen.  The  amount  of  atmospheric  oxygen  that  water  may  dis- 
solve and  carry  far  below  the  water  level  is  very  small  (see  p.  90) 
and  probably  would  be  insufficient  to  oxidize  large  masses  of  sul- 
phides, even  in  a  comparatively  long  period. 

TBANSmONS   BETWEEN  OXmiZED   AND   SULPHIDE  ORES. 

In  moist  countries,  where  the  level  of  ground  water  is  near  the 
surface,  the  transition  between  the  almost  completely  oxidized  ore 
and  the  unoxidized  sulphides  is  generally  abrupt.  This  is  especially 
noticeable  in  the  pyrrhotitic  copper  ores  of  Ducktown,  Tenn.,  where 
the  contact  between  the  two  is  at  some  places  as  sharp  as  a  knife 
blade.  In  pyrrhotitic  ores  of  the  Encampment  district,  Wyoming, 
chalcocite  ores  occur  immediately  below  the  gossan.'  In  the  pyritic 
copper  ores  of  Butte,  Mont.,  according  to  Sales,  the  transition  is 
sharp.    He  says:* 

Examined  from  the  sur&u^e  downward  the  oxidized  portion  of  a  copper  vein  will 
show  but  little  variation  in  phyeical  character  or  mineral  composition  between  the 
outcrop  and  the  sulphide  ore.  The  line  of  separation  marking  the  change  from  oxi- 
dized to  sulphide  ore  is  very  sharp  and  clean  cut.  There  is  no  partial  oxidation  of 
the  vein;  no  mixture  of  sulphides  and  oxides.  The  entire  change  in  any  single  cross 
section  of  a  vein  takes  place  within  2  or  3  feet  vertically.  Generally  the  sulphide 
ore,  through  slight  changes  in  the  relative  abundance  of  certain  minerals,  indicates 
the  proximity  of  the  oxides,  while  in  the  case  of  the  oxides  there  is  seldom,  if  ever, 
any  change  to  indicate  a  nearness  to  sulphides.  In  the  copper  belt  the  minor  veins, 
stringers,  iron  pyrite  seams,  country  rock,  etc.,  are  all  oxidized  and  bear  the  same 
relation  to  the  surface  and  to  depth  of  oxidation  as  do  the  large  veins. 

In  some  other  districts,  however,  there  is  no  such  sharp  dividing 
line  between  the  oxide  and  the  sulphide  ore.  At  Bingham,  Utah, 
according  to  Boutwell,*  the  transition  from  the  zone  of  oxidation  to 

>  Oral  commimicatton. 

•  SpoDoer,  A.  C,  The  copper  deposits  of  the  Encampment  district,  Wyoming:  Prof.  Paper  U.a 
Oeol.  Survey  No.  25, 1901,  p.  65. 

*  Sales,  R.  H.,  Superficial  alteration  of  the  Butte  reins:  Boon.  Geology,  vol.  5, 1910,  p.  19. 
«BoutwelI,  7.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  8.  Oeol. 

Survey  No.  38, 1905,  p.  221. 
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the  zone  of  sulphide  enrichment  is  gradual,  as  it  is  also  at  Morenci, 
Ariz.,  where  the  zone  of  secondary  sulphides  is  oxidized  through  a 
considerable  vertical  distance.    Says  Lindgren:  * 

The  oxidation  does  not  extend  down  to  any  well-defined  water  level,  which  must  be 
for  below  the  deepest  workings,  but  acts  most  irregularly,  sometimes  leaving  freah 
metamorphic  limestone  at  the  surface  and  again  reaching  down  to  a  depth  of  400  feet 
along  fissures  and  faults.  The  present  ore  bodies  probably  fell  an  easier  prey  to  oxi- 
dation by  reason  of  their  richness  in  sulphides  and  their  fovorable  exposure  to  perco- 
lating waters.  In  such  position  are  the  upper  ore  bodies  of  the  Detroit  and  Manganese 
Blue.  In  other  cases  the  oxidation  was  facilitated  by  means  of  fault  planes  and  por- 
phyry dikes. 

At  Bisbee,  Ariz.,  the  zone  of  transition  between  the  oxide  and 
sulphide  ore  is  extensive.     According  to  Ransome:  * 

Within  the  transition  zone  between  completely  oxidized  and  unaltered  sulphide 
ores,  which  has  a  maximum  depth  or  thickness  of  about  900  feet,  the  oxidizing  processes 
are  controlled  to  a  large  extent  by  recent  irregular  fissuring  and  by  the  relative  per- 
meability of  the  various  sulphide  masses  to  generally  descending  solutions.  Fissures 
cuttiBg  through  masses  of  lean  pyrite  are  almost  invariably  accompanied  by  streaks 
of  rich  ore,  often  containing  chalcocite,  together  with  cuprite  and  native  copper. 
Where  there  are  several  such  fissures  near  one  another  important  ore  bodies  result. 
The  general  association  of  profitable  ore  with  fissured,  broken,  permeable  ground  is 
well  recognized  in  practical  operations  and  turned  to  good  account  in  underground 
exploration. 

THE  SECONDABY  STTLFHIDE  ZONE. 
POSITION   AND  EXTENT. 

The  secondary  sulphide  zone  is  generally  below  a  zone  of  oxida- 
tion. It  is  not  everywhere  developed,  not  even  in  copper  ores  that 
are  capped  with  gossan.  Examples  of  such  deposits  are  cited  on  a 
following  page.  In  many  deposits  the  transition  between  the 
oxidized  and  secondary  sulphide  zone  is  sharp,  being  essentially  at 
the  ground-water  level.  In  such  deposits  the  secondary  ores  extend 
downward  to  various  distances  below  the  water  level.  The  vertical 
extent  of  the  secondary  zone  differs  widely  in  different  districts.  In 
some  of  the  districts  of  the  southern  Appalachians  the  chalcocite 
zones  occupy  only  a  few  feet  vertically.  At  Ducktown,  Tenn.,  in  all 
except  one  mine  the  average  thickness  of  the  secondary  chalcocite 
zone  is  probably  between  3  and  8  feet,  but  some  secondary  ehalco- 
pyrite  is  developed  far  below  this  zone.  In  the  East  Tennessee  mine, 
in  this  district,  the  vertical  range  of  chalcocite  is  about  125  feet.  In 
the  Encampment  district,  Wyo.,  the  vertical  extent  of  chalcocite 
is  at  least  200  feet.  In  the  disseminated  deposits  in  porphyry  at 
Bingham,  Utah,  the  zone  of  workable  sulphides,  mainly  chalcocite 

>  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clilton-Morenci  district,  Ariiona:  Prof.  Paper  U.  S. 
Qeol.  Survey  No.  43, 1906,  p.  197. 

*  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Ariiona:  Prof.  Paper  U.  S. 
Qeol.  Survey  No.  21, 1901,  p.  145. 
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and  chalcopyrite,  has  an  average  vertical  extent  of  418  feet,'  and 
owing  to  the  rugged  topography  the  vertical  range  is  much  greater. 
At  Morenci,  Ariz.,  the  belt  of  maximum  deposition  of  secondary 
chalcocite  is  in  general  from  200  to  400  feet  below  the  surface,  although 
veins  of  chalcocite  are  said  to  be  encountered  at  greater  depths, 
especially  in  the  Coronado  mine.  In  this  mine  also,  according  to 
Lindgren,'  chalcocite  in  places  reached  the  surface.  At  Bisbee, 
Ariz.,  chalcocite,  partly  oxidized,  is  found  within  200  feet  of  the 
present  surface  and  extends  to  depths  at  least  1,500  feet  below  the 
surface.  At  Globe,  Ariz.,  in  the  Old  Dominion  mine,  chalcocite 
has  been  found  more  than  1,200  feet  below  the  surface  and  has  a 
vertical  range  of  at  least  800  feet.  In  the  Miami  Inspiration  ore 
zone,  according  to  current  reports,  chalcocite  is  found  900  or  1,000 
feet  below  the  surface.  In  all  these  districts  chalcocite  is  regarded 
as  a  mineral  which  is  in  the  main  if  not  altogether  secondary.  At 
Butte,  Mont.,  chalcocite  has  been  found  at  depths  2,800  feet  below 
the  surface.  In  the  upper  levels  of  the  Butte  mines  secondary 
chalcocite  is  abundant,  but  recent  investigations,  especially  those  of 
Reno  Sales,  indicate  that  the  chalcocite  of  the  deeper  levels  is  prob- 
ably primary.  Except  at  Butte  no  data  now  available  indicate 
deposition  of  secondary  chalcocite  at  depths  greater  than  1,500  feet 
below  the  outcrop.  It  is  not  at  all  improbable,  however,  that 
secondary  chalcocite  deposited  at  greater  depths  may  be  revej^ed  by 
future  exploration. 

Examples  of  enrichment  of  silver  sulphide  deposits  at  depths  from 
1,000  to  1,200  feet  below  the  surface  arc  well  authenticated.  Doubt- 
less secondary  deposits  of  silver  occur  at  greater  depths,  but  it  is 
questionable  how  far  the  several  species  of  the  silver-bearing  min- 
erals may  indicate  geologic  processes.  I  know  of  no  examples  of 
the  precipitation  of  appreciable  amounts  of  gold  by  descending 
solutions  at  depths  more  than  1,000  feet  below  the  surface.  In 
general,  gold  that  is  dissolved  by  surface  waters  is  precipitated  at 
relatively  shallow  depths. 

The  data  reviewed  above  show  that  no  definite  dei)th  can  be 
fixed  below  which  processes  of  enrichment  are  not  effective.  The 
maximum  precipitation  occurs  at  comparatively  shallow  depths, 
however,  and  there  is  little  reason  to  suppose  that  these  processes 
are  effectively  operative  in  the  deeper  part  of  the  zone  of  fracture. 
The  depth  to  which  the  metals  are  carried  depends  on  local  cli- 
matic conditions,  permeability,  and  the  chemical  or  mineralogic 
environment. 

tBtfWlh  Ann.  Rept.  Utah  Copper  Co.,  Dec.  31, 1911. 

aUndgnn,  Waklemar,  The  copper  deposits  o(  the  CUXton-Morunci  district,  Arixuna:  Prol.  Paper  U.  8. 
tol.  flamy  No.  41^  1905,  p.  210. 
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BELATION  TO  THE   WATER  LEVEL. 

The  ground-water  level,  the  so-called  water  table,  has  frequently 
been  regarded  as  indicating  the  top  of  the  secondary  sulphide  zone 
at  the  time  that  zone  was  formed.  As  has  been  stated,  the  water 
level  is  not  stationary  but  oscillates,  although  it  tends  to  move  down- 
ward as  the  major  drainage  channels  approach  grade.  If  the  water 
level  is  comparatively  high  or  if  the  lode  is  much  fractured,  and 
particularly  if  it  contains  large  spaces,  there  is  probably  but  little 
precipitation  of  the  secondary  sulphides  above  the  water  level.  There 
are  two  reasons  why  this  should  be  true;  one  is  that  the  solutions 
descend  in  open  rocks  at  a  comparatively  rapid  rate  through  the  frac- 
tured and  partly  weathered  zone  of  somewhat  cellular  ore  above  the 
shallow  water  level,  and  the  other  is  that  several  of  the  sulphides  of 
the  more  valuable  metals  that  are  dissolved  readily  in  an  oxidizing 
environment  are  not  readily  precipitated  in  such  an  environment. 
If  the  rocks  are  open  atmospheric  oxygen  should  find  ready  access 
to  the  ore  above  the  zone  of  saturation.  But  even  if  precipitation 
should  take  place  the  sulphides  precipitated  would  later  be  exposed 
again  to  oxidation  and  solution. 

The  sulphides  below  the  water  level  are  protected  from  the  oxygen 
of  the  air,  however,  and  solution  of  some  metals  is  retarded  if  not 
prevented.  The  solution  in  acid  sulphate  of  copper  sulphide,  silver 
compoimds,  and  gold  requires  an  oxidizing  agent.  It  is  well  known  \ 
that  a  small  concentration  of  ferrous  sulphate,  which  is  surely  present  ^ 
in  the  reducing  zone  below  the  water  level,  will  drive  gold  and 
silver  from  solution.  Copper  sulphide,  which  dissolves  readily  in 
sulphuric  acid  in  the  presence  of  air,  is  not  dissolved  in  its  absence. 
Hydrogen  sulphide  is  generated  by  the  action  of  acid  on  several 
sulphides  and  in  the  presence  of  the  faintest  trace  of  hydrogen  sulphide 
copper  sulphide  is  not  dissolved — not  even  in  boiling  concentrated 
acid.*  Thus  it  would  be  supposed  that  under  these  conditions  the  solu- 
tion of  copper,  silver,  and  gold  would  be  inhibited  at  ground-water 
level  or  a  short  distance  below  it.  Since  a  liter  of  water  can  absorb 
under  surface  conditions  only  about  6.84  cubic  centimeters  of  atmos- 
pheric oxygen,  the  amount  carried  dissolved,  even  in  a  saturated 
solution,  can  not  be  great.  The  oxygen  that  is  made  available  by  the 
hydrolyzation  of  water  when  ferric  sulphate  is  reduced  to  ferrous  sul- 
phate and  that  which  combines  to  form  the  higher  oxides  of  manga- 
nese might  delay  reduction,  but  the  delay  would  be  only  temporary. 
Although  oxygen  is  required  for  the  solution  of  gold,  silver,  and  cop- 
per, the  sulphides  of  zinc  and  at  least  some  of  the  sulphides  of  iron 
might  be  dissolved  at  depths  considerably  below  water  level,  for  they 

'  Alien,  fi.  T.,  oral  oommuaicaUon. 
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are  attacked  by  acid  sulphate  even  in  the  absence  of  an  oxidizii 
agent. 

Many  deposits  of  secondary  sulphide  ore  in  the  arid  Southwest  are 
well  above  the  present  ground-wat«r  level.  The  lower  limits  of  some 
of  these  deposits  have  been  reached  by  mining,  and  below  some  of  them 
lie  considerable  bodies  of  pyrite  and  chalcopyrite  ore  which  have  been 
penetrated  by  mine  workings  that  encountered  no  standing  imder- 
groimd  water.  As  has  been  already  stated,  the  climate  in  this  area 
has  changed  from  humid  or  subhimiid  to  arid  in  comparatively  recent 
time,  and  it  is  possible  that  some  bodies  of  secondary  sulphide  ore 
have  been  marooned  by  the  rapid  descent  of  the  ground-water  level 
that  attended  the  change.  At  Morenci,  Ariz.,  nearly  all  the  mines  are 
dry  in  and  below  the  chalcocite  zones  of  these  deposits.  Of  these 
Lindgren*  says: 

Chalcocite  perhaps  forms  at  the  present  time  in  the  upper  levels  of  the  belt  occupied 
by  this  mineral  where  copper-sulphate  solutions  from  oxidizing  chalcocite  above  are 
abundant  and  free  oxygen  absent.  *  *  *  Direct  oxidation  has,  in  fact,  already 
penetrated  to  the  deepest  levels  attained  in  the  pyritic  zone;  at  present  it  works  here 
chiefly  along  fissures  and  seams  but  is  probably  slowly  spreading. 

I  regard  the  chalcocite  zone  as  formed  about  an  ancient  water  level,  much  higher 
than  the  present.  During  the  epoch  of  the  Gila  conglomerate  the  water  level  was 
surely  at  least  several  himdred  feet  higher  than  it  is  now,  and  it  was  probably  still 
higher  during  Tertiary  time,  in  which  a  moist  climate  most  likely  prevailed. 

FBECnTrATION  OF  SULPHIDES  ABOVE  THE  WATER  LEVEL. 

In  arid  district,  where  the  water  level  lies  very  deep,  the  descend- 
ing metal-bearing  solutions  may  encounter  a  reducing  environment  in 
the  so-called  vadose  zone,  especially  in  rocks  that  contain  only  minute 
openings,  through  which  the  water  soaks  downward  from  the  surface, 
excluding  the  admission  of  any  considerable  amount  of  air.  It  would 
be  supposed  that  the  oxygen  present  in  such  waters  and  in  the  impris- 
oned air  would  be  used  up  before  the  descending  solutions  encountered 
any  zone  of  permanent  saturation,  or  that  the  solutions  might  become 
reduced  before  reaching  ground-water  level,  so  that  the  metals  could 
readily  be  precipitated.' 

Any  former  water  level  doubtless  maintained  the  usual  relation  to 
the  topography  that  existed  when  it  prevailed,  and  it  is  generally 
untenable  to  assume  that  the  topography  which  controlled  a  former 
water  level  in  a  region  where  the  climate  has  changed  recently  was 
very  different  in  its  major  features  from  the  present  topography. 
Stope  sheets  and  other  available  published  information  show  that 
many  of  the  chalcocite  zones  in  copper  deposits  of  arid  regions  have 

1  Llndgran,  Waldemar,  The  copper  deposits  of  the  CUfton-MozaDd  district:  Prof.  Paper  U.  S.  GeoL 
Snrvey  No.  43, 1905,  p.  300. 

s  Finch,  J.  W.,  The  cireolatlon  of  nndergroand  aqueous  solutions  and  the  deposition  of  lode  ores:  Proo. 
Oolondo  8oL  Soc,  voL  7, 1904,  p.  23a. 
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a  pretty  definite  relation  to  the  major  features  of  the  present  topog- 
raphy, and  it  therefore  seems  possible  that  when  they  were  formed  they 
bore  the  usual  relation  to  the  water  level  then  prevailing.  The  dis- 
seminated chalcocite  ores  of  Miami,  Ariz.,  are,  however,  not  definitely 
related  to  the  present  topography,  which  was  apparently  developed 
after  the  main  period  of  enrichment.^  At  Ray  also,  according  to 
Eansome,'  the  layer  of  disseminated  chalcocite  ore  has  many  irregular 
imdulations  that  apparently  have  no  dependence  on  the  present 
topography. 

It  is  not  at  all  unlikely  that  secondary  sulphide  ores  have  formed 
independently  of  any  present  or  past  water  level.  As  stated  by 
Finch,*  deposits  exposed  to  processes  of  alteration  in  an  arid  region 
may  lie  in  gaseous  zones  that  are  analogous  to  the  aqueous  zones  of 
more  humid  regions.  Oxygen  predonSnates  in  Z  surface  zone, 
whereas  carbon  dioxide  and  other  heavier  gases  may  prevail  at  greater 
depths.  Thus  in  an  arid  region  there  may  be  an  oxidizing  gaseous 
zone  ^d  below  it  a  reducing  gaseous  zone  in  which  precipitation  may 
take  place  in  the  absence  of  oxygen.  Circulation  by  evaporation 
would  be  possible  in  the  lower  zone. 

Precipitation  by  evaporation  is  undoubtedly  a  factor  to  be  con- 
sidered in  shallow  oxidizing  zones  and  may  account  for  the  veinlets 
of  clayey  limonite  that  are  found  in  cracks  in  some  sulphide  ores  at 
depths  considerably  below  the  zones  of  nearly  complete  or  well- 
advanced  oxidation.  The  material  precipitated  by  the  evaporation 
of  the  mineral  waters  should  be  chemically  similar  to  that  deposited 
by  evaporation  under  surface  conditions,  and,  so  far  as  analyses  show, 
mineral  waters  that  accomplish  sulphide  enrichment  generally  cany 
iron,  aluminum,  and  other  metals  of  low  value  greatly  in  excess  of  the 
more  valuable  metals.  Unless,  by  processes  of  selective  precipitation, 
certain  compounds  only  could  be  removed  from  the  solutions  in  depth, 
nearly  all  of  the  material  dissolved  in  the  oxidizing  environment  and 
carried  below  into  the  reducing  environment  would  be  precipitated. 
There  would  be  a  downward  circulation  of  water  and  dissolved  mineral 
matter.  The  upward  circulation  of  evaporated  water  might  carry  some 
of  the  dissolved  salts,  but  few  data  are  available  on  this  point.  Weed 
states  that  ferrous,  copper,  and  zinc  sulphates  are  carried  by  the  mois- 
ture of  air  circulating  in  mine  openings.  He  thus  accounts  for  efflores- 
cence of  these  salts  on  mine  workings.*  Since  mineral  matter  could 
not  readily  escape,  however,  the  enrichment  that  could  take  place 
where  downward-moving  aqueous  solutions  could  not  reissue  would 

1  RansoBM,  F.  L.,  this  bolletln,  p.  185. 

t  Ransome,  F.  L.,  this  bulletin,  p.  187. 

*  Finch,  J.  W..  The  drciilfttieii  of  andergronnd  aqaeoos  sohxtions  and  the  disposition  of  lode  ores:  Proe. 
Colorado  Bd.  Boc.,  voL  7, 1904,  p.  340. 

« Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Bnfte  district,  Montana:  Prof.  Paper  U.  S.  Geo!.  Survey 
Na  74, 1^12,  pu  99. 
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depend  on  the  sum  total  of  the  openings  available,  for  appreciable 
replacement  under  these  conditions  would  probably  not  occur.  The 
secondary  materials  that  are  deposited  under  such  conditions  as  a 
whole  would  not  be  much  if  any  richer  than  the  residues  of  descend- 
ing waters,  although  even  under  these  conditions  the  valuable  mine- 
rals might  be  segregated  somewhat  by  selective  precipitation. 

TEXTURES   OF   SECONDARY   SULPHTOE   ORE. 

In  the  zone  of  oxidation  solution  ordinarily  much  exceeds  precipi- 
tation. The  oxidized  ore  is  almost  invariably  of  spongy,  open  tex- 
ture and  contains  numerous  solution  cavities.  In  the  secondary  sul- 
phide zone  solution  does  not  exceed  precipitation  to  the  same  extent. 
In  the  sulphide  zone  numerous  solution  cavities  may  be  developed, 
but  these  are  likely  to  be  filled,  partly  or  completely,  by  secondary 
minerals.  The  texture  of  secondary  sulphide  ore  varies  widely. 
Some  of  the  chalcocite  ore  of  Duck  town,  Tenn.,  is  little  more  than  a 
sponge  of  chalcocite  from  which  iron,  copper,  and  other  sulphates 
have  been  dissolved.  On  the  other  hand,  some  secondary  sulphide 
ores  consist  largely  of  massive  chalcocite  inclosing  numerous  primary 
minerals,  the  pore  space  in  the  ores  being  quite  subordinate. 

The  solution  of  primary  sulphides  and  the  precipitation  of  sec- 
ondary sulphides  may  go  on  simultaneously,  the  secondary  minerals 
replacing  the  primary.  The  best  proof  of  replacement  is  offered 
where  the  later  minerals  have  assumed  the  crystal  forms  of  the  earlier 
minerals.  Pseudomorphs  of  chalcocite  or  covellite  after  pyrite,  chal- 
copyrite,  or  zinc  blende  are  the  most  conunon.  Such  replacements  of 
pyrite  are  clearly  shown  in  the  Miami-Inspiration  ore  zone  at  Miami, 
Ariz.,*  and  at  other  places.  Examples  scarcely  less  suggestive  are 
found  in  districts  where  masses  of  primary  sulphide  not  having  crystal 
form  but  of  distinctive  occurrence  have  been  replaced  by  secondary 
ores.  In  the  No.  20  mine  near  Ducktown,  Tenn.,  where  the  primary 
ore,  consisting  chiefly  of  massive  pyrrhotite,  pyrite,  and  chalcopjrite, 
includes  small  rounded  masses  of  quartz,  garnet,  and  actinolite,  the 
secondary  ore  consists  of  chalcocite  and  other  minerals  and  includes 
similar  rounded  masses  of  gangue  minerals  partly  dissolved.  At  Mo- 
renci,  Cananea,  Bingham,  Ely,  Santa  Rita,  and  in  other  districts  con- 
taining disseminated  deposits  of  secondary  chalcocite,  where  the  mine- 
ralized material  below  the  secondary  zone  consists  of  a  granular  or  a 
porphyritic  igneous  rock  containing  numerous  small  masses  and  vein- 
lets  of  sulphide  ore,  chiefly  pyrite  and  chalcopyrite,  the  same  rock  in 
the  secondary  zone  contains  small  masses  and  veinlets  of  chalcocite, 
with  some  pyrite  and  chalcopyrite,  showing  an  arrangement  of  spacing 
similar  to  that  shown  by  the  minerals  in  the  lower  zone.     Such  evi- 

i  Ransome,  F.  L.,  Criteria  of  downward  sulphide  enrichment:  Boon.  Geology,  vol.  5, 1910,  p.  214. 
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dence  of  replacement  is  scarcely  less  conyincing  than  pseudomorphs 
having  the  regular  boundaries  of  older  crystals.  In  some  secondary 
deposits  the  small  rounded  cores  of  an  older  sulphide  are  coated 
over  with  shells  of  the  secondary  sulphide.  As  pointed  out  by  Irving/ 
this  in  itself  is  evidence  of  replacement.  That  solution  and  precipi- 
tation went  on  simultaneously  is  indicated  in  such  deposits  by  tfie 
even  spacing  of  the  cores.  If  solution  had  been  completed  before 
precipitation  began,  the  small,  rounded,  partly  dissolved  masses 
would  have  settled  and  would  have  been  massed  closer.  Of  the  chal- 
cocite  ore  of  the  Old  Dominion  mine,  at  Globe,  Ariz.,  Ransome  '  says: 

When  the  chalcocite  is  examined  closely,  particularly  with  a  lens,  it  shows  an 
indistinct  unevenness  of  texture  suggestive  of  the  obscurer  forms  of  pisolitic  structure 
observed  in  some  bauxites.  Critical  scrutiny  of  the  inclosed  grains  of  pyrite  discovers 
the  fact  that  their  outlines  are  rounded  and  that  the  chalcocite  has  a  more  or  less  dis- 
tinct concentric,  shelly  structiu^  around  each  grain.  These  facts  at  least  strongly 
suggest  that  the  chalcocite  has  been  formed  at  the  expense  of  the  p3nite  and  that  the 
minute  structure  observable  in  chalcocite  now  free  from  pyrite  records  the  former 
presence  of  that  mineral  and  its  subsequent  replacement  by  the  sulphide  of  copper. 

Much  of  the  material  which  is  generally  termed  secondary  sulphide 
ore  consists  essentially  of  shattered  and  fractured  primary  sulphide 
ore,  the  cracks  in  which  are  filled  with  later  sidphides  or  with  angular 
fragments  of  the  earlier  sulphides  crusted  over  with  those  that  were 
introduced  later.  Such  textures  do  not  invariably  indicate  processes 
of  sulphide  enrichment  by  descending  solutions.  Many  authentic 
examples  show  that,  in  the  course  of  primary  mineralization,  the  ore 
first  deposited  has  been  fractured  and  that  solutions  from  below  have 
deposited  later  sulphides  in  the  fractures.  In  many  deposits,  more- 
over, the  later  sulphides  are  richer  than  the  original  fractured  ore. 

Pseudomorphous  replacement  indicates  a  change  of  physical  con- 
ditions or  of  chemical  environment.  Minerals  that  wore  stable  under 
certain  conditions  have  been  dissolved  and  other  minerals  have  simul- 
taneously been  deposited.  On  the  other  hand,  fractured  ore  cemented 
by  later  minerals  may  be  a  result  of  normal  and  perhaps  continued 
deposition  from  below.  If,  however,  the  minerals  that  fill  the  later 
cracks  are  those  that  are  commonly  formed  by  descending  solutions, 
and  if  they  do  not  persist  in  depth,  the  assumption  that  they  are  sec- 
ondary may  with  considerable  confidence  be  regarded  as  confirmed. 

In  many  deposits  the  genesis  of  such  later  veinlets  is  perplexing. 
As  the  matter  now  stands,  the  mineralogic  criteria  are  unsatisfactory, 
for  few  if  any  of  the  sulphides  are  formed  invariably  under  a  single 
set  of  conditions. 

The  texture  of  the  secondary  veinlets  is  important,  however,  and  it 
may  throw  considerable  light  on  their  genesis.     Concerning  this  point 

1  Inring,  J.  D.,  Replacement  ore  bodies,  in  Types  of  ore  deposits,  San  Francisco,  1911,  pp.  289-290. 
*  Ransome,  F.  L.,  Geology  of  the  Qlobe  copper  district,  Arisona:  Prof.  Paper  U.  8.  QeoL  Snnrey  No.  12, 
1908,  p.  121. 
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certain  obseryations  by  Hynes^  on  ores  from  the  Mina  Mexico  vein, 
Sonora,  Mexico,  are  noteworthy.  The  polished  surfaces  of  several 
specimens  prepared  by  him  showed  primary  ore  composed  of  pyrite 
and  quartz,  not  containing  any  antimony  mineral,  cut  by  veinlets  of 
ore  composed  of  tetrahedrite  and  quartz.  In  the  later  veinlets  the 
quartz  is  everywhere  inclosed  in  ^e  tetrahedrite  and  is  generally 
idiomorphic.  Its  crystals  are  distributed  with  great  r^ularity 
through  the  tetrahedrite,  suggesting  definite  or  eutectic  proportions. 

So  far  as  is  now  known  the  crystallization  of  minerals  in  eutectic 
proportions  does  not  occur  in  descending  sulphate  waters.  The 
texture  of  the  chalcocite  ores  of  Yirgilina  should  be  mentioned  in 
this  connection.  In  the  upper  levels  of  the  mines  the  ore  is  cut  by 
small  veinlets  of  secondary  chalcocite,  but  polished  surfaces  of  ore 
from  the  lower  levels,  as  shown  by  F.  B.  Laney,'  reveal  an  intimate 
intergrowth  of  chalcocite  and  bornite  which  suggests  the  pattern 
of  a  graphic  granite.  Some  of  Laney's  sections'  are  particularly 
suggestive  oi  precipitation  under  conditions  that  prevail  at  great 
depths  and  of  processes  of  crystallization  that  are  not  known  to 
operate  under  the  temperatures  and  pressures  that  prevail  in  the 
zone  of  sulphide  enrichment. 

When  in  the  course  of  the  deposition  of  ores  the  minerals  are 
deposited  layer  on  layer  in.  open  spaces,  the  minerals  forming  the 
last  layer  or  crust  may  differ  from  those  formed  earlier,  and  when 
cavities  are  broken  open  the  minerals  last  deposited  appear  to  be  of 
late  age.  The  position  of  the  mineral  lining  the  cavity  does  not 
certainly  indicate  that  it  was  deposited  by  descending  waters,  for 
the  last  ores  deposited  by  ascending  waters  in  open  spaces  would  be 
in  a  similar  position.  If,  however,  the  walls  of  cavities  and  fractiu'es 
are  coated  with  the  hydrous  oxides  of  iron  or  manganese,  and  if  sul- 
phides have  formed  along  vnth  these  oxides,  there  is  small  proba- 
bility of  error  in  determining  whether  the  sulphides  were  formed  by 
ascending  or  descending  solutions,  for  the  hydrous  oxides  are  rarely 
deposited  with  primary  sulphide  ores.  Likewise  the  intimate  asso- 
ciation of  native  metals  with  such  hydrous  oxides  is  generally  evi- 
dence of  deposition  by  oxidized  descending  solutions. 


1  HyDes,  D.  P.,  Notes  on  the  geolof^  of  the  Mina  Mexico  vein:  Econ.  Geology,  vol.  7, 1912,  pp.  280-286. 
See  also  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  OeoL 
Survey  No.  74, 1912,  p.  76  (fig.  13,  showing  chalcocite  inclosing  idiomorphic  crystals  of  quartz  and  pyrite). 

>  Laney,  F.  B.,  The  relation  of  bornite  and  chalcocite  in  the  copper  ores  of  the  Virgilina  distriot  of  North 
Carolina  and  Virginia:  Econ.  Geology,  vol.  6, 1911,  pp.  399-411. 

*  See  especially  that  figured  on  PI.  VII,  Qg.  2,  In  the  paper  Just  cited. 
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E8TIMATBS  OF   VERTICAL  EXTENT  OF   PORTIONS  OF  LODES 

ERODED. 

Where  there  is  reason  to  suppose  that  the  primary  ore  was  of 
approximately  uniform  composition  before  secondary  alteration  took 
place,  it  is  possible  to  estimate  the  vertical  extent  of  the  portion  of 
the  deposit  that  has  been  eroded.  As  already  stated,  the  ore  in  the 
secondary  zone  generally  contains  the  valuable  metals  that  were 
present  in  the  primary  ore,  those  that  were  leached  from  the  oxidized 
zone  above  the  secondary  sulphide  ore,  and  those  that  were  leached 
from  the  portion  of  the  deposit  that  has  been  removed — the  metals 
that  were  carried  downward  by  solutions  in  advance  of  erosion. 

Estimates  made  for  the  Granite-Bimetallic  lode,  Philipsburg, 
Mont.,  indicate  that  at  least  1,600  feet  of  material  like  the  primary 
ore  in  the  bottom  of  the  mine  was  required  to  supply  the  valuable 
minerals  in  the  secondary  sulphide  zone,  in  addition  to  those  of  the 
primary  ore  and  any  that  may  have  been  dissolved  from  the  oxi- 
dized zone  and  reprecipitated  below.  Estimates  for  Ducktown, 
Term.,  on  the  other  hand,  show  that  the  valuable  minerals  in  the 
secondary  sulphide  zone  may  be  fully  accounted  for  by  the  reconcen- 
tration  of  copper  formerly  in  the  leached  zone  now  exposed,  and 
that  the  copper  that  was  present  in  the  part  of  the  lodes  removed 
by  erosion  was  scattered,  probably  while  the  region  was  at  base-level. 

If  X  equals  the  vertical  extent  in  feet  of  the  part  of  the  lode  which 
has  been  removed  from  above  the  present  apex,  a  equals  the  ver- 
tical extent  in  feet  of  the  leached  zone,  h  equals  the  vertical  ex- 
tent in  feet  of  the  enriched  zone,  I  equals  the  values  ^  remaining  in 
the  leached  zone,  e  equals  the  values  in  the  enriched  zone,  and  p 
equals  the  values*  in  the  primary  ore,  the  following  formula  may  be 
applied  to  ascertain  the  number  of  feet  removed: 

^_  aQ-p)-\-h  (e-p) 

V 

This  formula  does  not  take  into  account  the  changes  in  mass'  in 
the  ore  itself  nor  the  pore  space  formed,  and  it  is  recognized,  of 
course,  that  many  other  factors  may  modify  the  results;  for  the 
values  may  not  all  be  reconcentrated,  and  the  primary  ore,  before 
alteration  and  enrichment,  may  not  have  been  of  equal  richness 
throughout  the  deposit.  The  estimates  therefore  give  only  a  rude 
approximation,  but  one  which  may  be  used,  in  connection  with 
other  geologic  data,  as  a  check  on  conclusions  regarding  the 
minimum  amount  of  erosion  that  has  taken  place  since  the  primary 
ore  was  deposited. 

'Assay  eontents  per  ton. 

'If  value  can  be  expressed  as  aaaay  contents  per  unit  Tolume,  changes  in  mass  are  acooonted  for. 
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CHEMISTRY  OF  SUIiPHIDE  ENRICHMENT. 

EXPERIMENTAL  DATA  ON  THE    SOLTTTION  AND   PBECXPTTATIOH 

OF  THE  METALS. 

The  oxidation  of  pyrite  is  considered  by  many  to  proceed  as 
follows:* 

FeS,  +  70  +  H2O  =  FeSO,  +  H,SO,. 

This  equation  does  not  express  intermediate  steps,  nor  does  it  repre- 
sent the  final  products.  Ferrous  sulphate  in  the  presence  of  atmos- 
pheric oxygen  will  be  oxidized  to  ferric  sulphate  or  to  ferric  sulphate 
and  ferric  hydroxide: 

6FeS0,  +  30  +  3H,0  =  2Fe3(S04)3  +  2Fe(OH)3. 

The  hydrolyzation  of  ferric  sulphate  may  first  give  a  basic  ferric 
sulphate,^  but  this  subsequently  breaks  down,  forming  ferric  hydroxide 
and  sulphuric  acid,  as  indicated  below: 

Fe,(S0,)3  +  6H3O  =  2Fe(OH)3  +  SH^SO,. 

Ferric  hydroxide  probably  corresponds  to  the  mineral  limnite,  which 
on  dehydration  would  give  limonite: 

4Fe(OH)3 = 2Fe,03  +  6H3O  =  2Fe,03.3H30  +  3H,0. 

According  to  Stokes*  the  oxidation  of  pyrite  by  ferric  sulphate  should 
be  regarded  as  taking  place  by  two  independent  reactions: 

(1)  FeSj  +  Fe2(SO,)8  =  3FoSO,  +  2S. 

(2)  2S  +  GFe^CSOJa  +  SH^O  =  12FeS0,  +  8H3SO4. 

In  the  presence  of  air  the  ferrous  sulphate  formed  would  change  again 
to  ferric  sulphate. 

A.  N.  Winchell  *  treated  powdered  pyrite  containing  a  trace  of  cop- 
per to  dripping  aerated  water.  At  the  end  of  ten  months  300  grams 
of  pyrite  had  lost  0.2  gram  and  the  solution  circulating  through  the 
pyrite  had  gained,  per  liter  of  the  solution,  the  amounts  indicated 
below: 

Mllligmms. 

Fej(S04), 27.68 

HjSO^ 5.7 

Ferrous  iron Trace. 

SOj Trace. 

1  Allen,  E.  T.,  Sulphides  of  iron  and  their  genesis:  Min.  and  Sci.  Press,  vol.  103, 1911,  pp.  413-414.  Gott* 
•chalk,  V.  H.,  and  Buehler,  H.  A.,  Oxidation  of  sulphides:  Boon.  Geology,  vol.  7,  1912,  pp.  15-34. 

>  Penrose,  R.  A.  F.,  Jr.,  The sui)erQciai  alteration  of  ore  deposits:  Jour.  Geology,  vol.  2, 1894,  p.  293.  Bnuilis, 
Reinhard,  Chemische  Mineralogie,  Leipzig,  1886,  p.  368. 

•Stokes,  H.  N.,  On  pyrite  and  marcasite:  Bull.  U.  S.  Geol.  Survey  No.  186, 1901,  p.  15. 

^WincheU,  A.  N.,  The  oxidation  of  pyrite:  Econ.  Geology,  vol.  2, 1907,  pp.  290-294. 
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In  the  total  solution  there  was — 

Fe2(S04), 332 

H2SO4 68 

Grout  *  repeated  these  experiments,  subjecting  the  powdered 
mineral  to  repeated  drying.  In  a  year  the  specimens  had  lost  from 
0.015  to  0.057  per  cent.  These  losses  are  of  the  same  order  as  those 
shown  by  the  figures  obtained  by  Winchell,  namely,  0.067  per  cent. 

Buehler  and  Gottschalk  ^  made  numerous  experiments  with  dis- 
tilled water,  leaching  powdered  sulphides  to  determine  the  nature  of 
the  alteration  products.  The  finely  powdered  sulphides  were  placed 
upon  filter  paper  spread  upon  a  Hirsch  filter  plate,  which  was  fitted 
in  a  6-centimeter  funnel.  The  sulphides  were  then  washed  twice 
daily  with  distilled  water,  the  filtrate  being  caught  in  a  flat-bottomed 
flask.  The  sulphides  were  treated  alone  and  also  when  mixed  with 
pyrite  or  marcasite  or  some  other  natural  sulphide. 

A  series  of  the  filtrates  obtained  from  marcasite  alone  and  from 
marcasite  mixed  with  galena,  sphalerite,  and  copper  sulphides  were 
tested  for  free  sulphur  dioxide,  sulphites,  and  thiosulphates,  but  none 
of  these  compounds  were  present. 

In  experiments  with  pyrite  the  residue  left  on  the  funnel  was 
treated  with  carbon  disulphide  to  test  for  the  presence  of  free  sulphur. 
No  sulphur  was  found  in  a  series  of  eight  experiments,  but  a  10-pound 
sample  of  marcasite  similarly  treated  showed  the  presence  of  free 
sulphur. 

Tests  for  the  presence  of  hydrogen  sulphide  as  a  possible  decom- 
position product  of  these  sulphides  were  made  in  an  apparatus 
through  which  air  could  be  drawn.  The  air  was  passed  slowly  through 
lead  solution  to  free  it  from  any  hydrogen  sulphide;  it  was  then  passed 
through  a  tube  in  which  finely  ground  sulphide  was  placed;  finally  the 
air  was  again  washed  in  lead  solution.  The  sulphides  were  washed 
twice  daily  with  water.  After  four  months'  continuous  treatment 
there  was  no  sign  of  blackening  of  the  lead  solution,  indicating  the 
absence  of  even  traces  of  hydrogen  sulpliide.  The  following  analysis 
of  the  solution  and  precipitate  in  the  flask  indicates  hydrolysis: 

Solution,  1,068  cubic  centimeters. 

FeSO^,  0.0602  gram;  FcaCSOJ,,  0.1799  gram;  SO,  (excess),  0.2697 
gram;  FejOg  (in  the  precipitate),  0.0218  gram. 

The  conclusion  of  Gottschalk  and  Buehler  is  that  the  oxidation  of 
pyrite  in  water  proceeds  according  to  the  reaction — 

FeSj  +  70  +  H,0  =  FeSO^  +  HjSO,. 

i  Orout,  F.  F.,  The  oxidation  of  pyrite:  Econ.  Geology,  vol.  3, 1906,  pp.  633-534. 
s Buehler,  H.  A.,  and  Oottschaik,  V.  H.,  Oxidation  of  sulphides:  Econ.  Qoology,ToL  5, 1910,  pp.  7i-9B; 
TOL  7, 1912,  pp.  15-34. 

72293°— Bull.  529—13 4 
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This  does  not  involve  the  generation  of  hydrogen  sulphidoi  of  sul^ 
phur  dioxide,  or  of  more  than  an  exceedingly  small  amount  of  sulphur. 

In  this  connection  it  is  noteworthy  that  these  experiments  were 
carried  on  with  distilled  water  with  very  free  access  of  air.  Dilute 
acid  solutions  acting  upon  some  sulphides  of  lead  and  zinc  and  upon 
ferrous  iron  wiU  generate  hydrogen  sulpliide.     (See  p.  59.) 

In  several  experiments  by  Gottschalk  and  Buehler  *  the  powdered 
sulphides  spread  on  a  filter  were  washed  twice  daily  with  distilled 
water.  In  most  of  these  experiments  the  sulphates  were  passed 
through  60-mcsh  screens  and  caught  on  80  or  100  mesh  screens,  so  that 
the  powders  were  of  approximately  equal  fineness.  In  some  experi- 
ments galena  was  caught  on  200-mesh  screens,  giving  relatively  greater 
surfaces  for  attack.  Equal  masses,  not  equal  volumes,  of  the  several 
minerals  were  taken. 

In  most  experiments  the  accumulated  washings  were  about  500 
cubic  centimeters.  Pyrite,  marcasite,  galena,  sphalerite,  and  enargite 
were  attacked.  Each  of  the  metals  was  oxidized  to  sulphate  and 
washed  through  the  filter.  Pyrite  and  marcasite  were  oxidized  to 
ferric  and  ferrous  sulphate  and  to  sulphuric  acid.  Zinc  was  oxidized 
to  zinc  sulphate  and  washed  through.  Galena  was  oxidized  to  lead 
sulphate,  but  most  of  it  remained  on  the  filter,  though  some  washed 
through;  of  the  part  that  washed  through  a  little  was  deposited  in  the 
flask  as  lead  sulphate.  Hydrogen  sulphide  and  sulphur  dioxide  were 
not  identified  in  any  of  those  experiments,  although  in  some  of  the 
filtrates  there  was  a  loss  of  sulphur  which  is  not  accounted  for. 

Each  sulphide  when  treated  alone  was  dissolved  rather  slowly, 
but  when  two  were  treated  together  the  action  on  one  of  them  was 
greatly  accelerated  and  that  on  the  other  retarded.  Sphalerite 
dissolved  more  readily  in  the  presence  of  pyrite.  The  acid  generated 
by  the  oxidation  of  iron  was  not  the  only  factor  that  favored  solution, 
for  when  the  iron  sulphide  was  placed  on  a  filter  above  zinc  sulphide 
the  rate  of  solution  of  zinc  sulpWde  was  not  greatly  increased.  Grott- 
schalk  and  Buehler  conclude  that  the  acceleration  of  the  reactions  is 
due  to  electric  currents  generated  by  contact  of  minerals  of  different 
potential.  The  electric  current  flows  from  the  mineral  having  the 
higher  potential,  so  the  one  of  lower  potential  will  dissolve  more  rap- 
idly, the  one  of  higher  potential  being  protected  from  oxidation  and 
solution. 

Gottschalk  and  Buehler  arranged  several  minerals  in  a  series  anal- 
ogous to  the  electromotive  series  of  the  metals,  the  values  having  been 
determined  by  the  use  of  the  Ostwald  potentiometer.  The  results 
of  the  experiments  are  shown  below.  The  force  generated  while  any 
two  of  these  minerals  are  immersed  in  a  solution  tends  to  accelerate 


^aottschalk,  v.  H.,  and  Buehler,  H.  A.,  Oxidation  of  sulphides:  Econ.  Geology,  voL  7, 1912,  pp.  16-11 
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the  oxidation  aad  dissolution  of  that  sulphide  which  stands  lower 
in  the  series  and  to  retard  the  oxidation  of  the  one  that  stands 
higher.  It  is  noteworthy  that  the  experiments  were  made  with  dis- 
tilled water.  The  potential  varies  with  the  solution,  and  for  some 
salts  the  relations  are  not  those  indicated  in  the  table. 

Potential^  in  volts,  of  several  sulphides  measured  in  distilled  water  against  copper  wvre„ 


Marcasite +0.37 

Aigentite +0.  27 

Caesiterite +0. 27 

Chalcopyrite +0. 18  to  0.  30 

Enaigite +0.18to0.23 

Molybdenite +0.  20 

Covellite +0.  20 

Pyrite -fO.  18 

Bomite +0.17 

Mixed  copper  ore +0. 15 

Galena +0.15 


Chalcocite +0.14 

Hematite +0.08to0.26 

Cuprite +0.05 

NiccoUte +0.02 

Domey  kite +0. 01 

Metallic  copper 0.00 

Stibnite -0. 17  to  0.  6 

Sphalerite -0.2    toO.4 

Corundum — 0.25to0.6 

Metalliczinc -0.83 


According  to  this  table  marcasite  shows  the  highest  electromotive 
force  and  corundum  shows  the  lowest  for  the  minerals,  the  difference 
being  more  than  0.6  volt.  Metallic  zinc  shows  a  negative  relation  to 
copper  of  0.83  volt,  and  there  is  a  difference  of  1.2  volts  between  the 
highest  and  lowest  member  of  the  series. 

A  piece  of  pyrite  and  a  piece  of  galena,  each  2  inches  long  and  about 
1  inch  square,  each  having  copper  wire  attached  near  one  end,  were 
placed  in  a  small  dish  containing  ordinary  distilled  water.  The  wire 
did  not  touch  the  water,  nor  were  the  minerals  in  contact.  A  circuit 
formed  by  placing  a  galvanometer  between  the  free  ends  of  the  wires 
showed  the  same  difference  in  potential  that  is  shown  in  the  above 
table  and  recorded  a  current  of  about  5  microamperes.  In  the  course 
of  a  few  days,  the  circuit  being  maintained,  the  galena  became  coated 
with  lead  sulphate,  while  a  similar  piece  of  galena,  placed  in  the  same 
solution  but  not  in  circuit,  remained  perfectly  bright.  The  pyrite 
showed  no  evidence  of  oxidation. 

Lawson  ^  placed  a  mixture  of  pulverized  chalcocite  and  porphyry 
in  a  burette  and  passed  a  10  per  cent  solution  of  ferrous  sulphate 
through  it  in  the  presence  of  air.  The  chalcocite  was  dissolved  and 
passed  from  the  burette  as  copper  sulphate  (CUSO4)  at  a  fairly  rapid 
rate. 

Winchell '  placed  crystals  of  pyrite  in  a  sealed  jar  in  a  shghtly  acid 
solution,  containing  sulphur  dioxide  and  a  dilute  solution  of  copper 
sulphate.  At  the  end  of  three  months  films  of  chalcocite  were  de- 
posited on  the  pyrite,  and  its  copper  content,  which  at  the  beginning 

1  Lawson,  A.  C,  The  copper  deposits  of  the  Roblnaon  minlzic  district,  Nevada:  BoU.  Dept.  Geology 
Univ.  California,  vol.  4, 1906,  p.  833. 

•  Winchell,  H.  V.,  Synthesis  oi  chalcocite  and  its  genesis  at  Batte,  Mont:  BolL  GeoL  800.  America,  voL 
14, 1903,  pp.  273-278. 
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was  1.50,  had  increased  to  3.60  per  cent.  In  another  jar,  with  similar 
reagents  except  sulphur  dioxide,  no  chalcocite  was  deposited.  Win- 
chell  suggests  that  sulphur  dioxide  is  necessary  for  the  deposition  of 
cuprous  sulphide.  He  infers  that  the  cupric  sulphate  in  solution 
with  sulphur  dioxide  suppUes  cuprous  ions  for  the  reaction  with  the 
pyrite  that  supplies  the  sulphur  for  the  chalcocite,  the  iron  going  into 
solution  as  ferrous  salt.  He  found  that  iron  was  dissolved  and  sub- 
sequently precipitated  as  ferric  hydrate. 

Eecently,  in  support  of  WinchelPs  suggestion,  Spencer*  has  dis- 
cussed the  possible  reactions  involved  in  chalcocite  deposition. 

The  inference  that  cuprous  ions  form  in  this  reaction  has  not 
received  imiversal  acceptance,  because  cuprous  salts  have  not  been 
identified  in  mine  waters.  Cuprous  sulphate  is  a  very  unstable 
compoimd.  It  may  be  held  in  solution  in  some  substances,  but  it  is 
stated  that  when  placed  in  water  it  quickly  becomes  cupric  sulphate. 
Eecently,  however.  Wells '  has  shown  that  cuprous  ions  may  exist 
in  exceedingly  small  concentration  under  conditions  nearly  similar 
to  those  that  prevail  where  sulphate  waters  attack  iron  and  copper 
sulphides.  Examination  of  eight  mine  waters  collected  by  the 
writer  failed,  however,  to  reveal  a  trace  of  cuprous  salt. 

Oxygen  tends  to  delay  or  to  inhibit  the  precipitation  of  copper 
sulphides.  Possibly  an  explanation  of  the  behavior  of  the  two 
chemical  systems  above  described,  one  with  and  the  other  without 
sulphide  dioxide,  lies  in  the  power  of  sulphur  dioxide  to  remove 
atmospheric  air  from  the  solution.  The  oxygen  would  be  removed 
to  form  sulphuric  acid,  and  copper  sulphide  would  then  be  more 
readily  precipitated  by  pyrite.  In  the  jar  without  sulphur  dioxide 
enough  oxygen  may  have  been  present  to  effectively  delay  precipi- 
tation. 

Vogt '  pulverized  6  grams  each  of  chalcocite,  bornite,  pyrrhotite, 
chalcopyrite,  and  pyrite  and  separately  treated  them  in  100  cubic 
centimeter  jars  with  aqueous  solutions  containing  30  grams  of  ferric 
chloride.  After  standing  several  years  at  about  14°  C.  they  were 
dissolved  in  the  order  named.  The  filtrates  from  chalcocite  and 
bornite  showed  a  trace  of  sulphate,  chalcopyrite  a  stronger  trace, 
and  pyrite  a  still  stronger  trace.  Sulphur  separated  from  the  first 
four  minerals  and  probably  also  from  pyrite.  Sulphur  did  not 
appear  to  oxidize  to  sulphate  in  the  reaction  with  chalcocite,  though 
oxidation  occurred  in  some  degree  with  pyrite  and  pyrrhotite. 

iSponcer,  A.  C,  Chalcodte  deposition:  Jour.  Washington  Acad.  Scl.,  vol.  3, 1913,  pp.  70-76. 

•  Wells,  R.  C,  Discussion  of  paper  by  F.  L.  Ransomeon  "Criteria  of  downward  sulphide  enrichment": 
Econ.  Geology,  voL5, 1910,  p.  482. 

*  Vogt,  J.  n.  L.,  Problems  in  the  geology  of  ore  deposits,  in  PoSepn^,  Franz,  The  genesis  of  ore  deposits, 
1902,  pp.  67&-677. 
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In  the  table  below  the  solubilities  of  several  anhydrous  sulphates 
are  compared. 

Anhydrous  sulphate  held  in  solution  in  a  liter  of  rooter  at  18^  C. 

[After  Kohlreusch.] 

Grams. 

BaS04 0.0023 

PbS04 041 

CaSO* 2.0 

Ag2S04 5.5 

KjSO* 111.1 

NajS04 168.3 

MgS04 354.3 

ZnS04 531.2 

In  the  table  below  the  solubilities  of  several  hydrated  sulphates 
are  compared.* 

Hydrated  sulphates  dissolved  in  a  liter  of  water  at  about  W°  C. 

Grams. 

FeS04.7H20 264.2 

CUSO4.5H2O 423.3 

Ala(S04),.18H20  (at  0) 868.5 

MgS04.7H20 1,160.0 

ZnS04.7H20 1,610.0 

Na2SO4.10H2O  (at  31.25**) 4,800.0 

The  chemical  practice  in  the  leaching  process  at  Rio  Tinto,  Spain,' 
is  said  to  be  as  follows.  The  ore  heaps  are  built  up  with  open  spaces 
to  give  ready  access  of  air  and  water.  In  the  presence  of  these 
the  following  reactions,  according  to  Austin,  take  place: 

FeS,  +  70 + H,0  =  FeS04 + H^SO^. 

The  ferrous  sulphate  oxidizes  to  ferric  sulphate  thus: 

2FeS04  +  H2SO4  +  O  =  Fe,  (804)3  4-  H,0. 

The  ferric  sulphate  reacts  on  chalcocite  and  changes  it  to  sulphate 
as  follows: 

Fe,  (804)3  +  Cu,S  =  CU8O4  +  2FeS04 + CuS. 

This  reaction  is  relatively  rapid,  and,  accordingly,  about  half  the 
copper  goes  into  solution  in  a  few  months.  The  covellite  molecule 
remaining  is  further  dissolved  according  to  the  following  reaction: 

Fcj  (804)3  +  CuS  +  30  +  H3O  =  CU8O4  +  2Fe804  +  H38O4. 

This  reaction  is  slow,  but  in  two  years,  under  favorable  conditions, 
80  per  cent  of  the  remaining  half  of  the  copper  is  dissolved.  These 
chemical  processes  illustrate  in  a  large  way  the  processes  of  solution 
of  chalcocite  under  natural  conditions. 

1  Data  from  Comey's  and  from  Seidell's  dictionaries  of  solubilities.     I  have  utilised  also  Lindgren's  com- 
pilation, Prof.  Paper  U.  8.  Geoi.  Surrey  No.  43. 1905,  p.  181. 
*  Austin,  L.  S.,  Tbe  metallurgy  of  the  common  metals,  2d  ed.,  San  Frandsoo,  1900,  pp.  351-353. 
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In  connection  with  the  processes  of  solution  of  copper  at  Eio 
Tinto,  the  following  statement  by  Arthur  L.  Collins  is  of  interest: 

Reactioiui  relied  upon  for  the  removal  of  copper  from  the  sone  of  weathering, 
namely,  the  decomposition  of  copper  Bulphides  by  ferric  sulphate,  •  •  •  are  em- 
ployed at  Rio  Tinto  on  a  very  large  scale  in  the  treatment  of  copper  ore.  The  liquors 
from  the  lixiviation  of  heap-roasted  ore  were  run  over  ''raw''  fine  ore,  originally  to 
lessen  the  consumption  of  iron  in  the  precipitation  tanks  and  to  secure  a  cleaner 
precipitate.  But  this  was  found  to  be  also  an  efficient  method  of  extracting  part  of 
the  copper  content  of  raw  pyrites,  and  great  heaps  of  mixed  ''raw  fines ''  and  lixiviated 
roasted  ore,  aggregating  millions  of  tons,  gradually  giving  up  their  copper  in  solution, 
largely  by  means  of  this  reaction,  became  a  feature  of  the  Rib  Tinto  landsa^.  The 
supposed  reaction  for  the  r^recipitation  of  copper  in  secondary  copper  ores  from 
cupric  sulphate  solutions  by  pyrites  can  hardly  take  place  under  these  conditions;  it 
would  upset  the  commercial  process.' 

An  explanation  of  the  apparent  contradiction  in  the  theoiy  of 
chalcocite  enrichment  is  offered  by  S.  F.  Emnions.'  He  notes  that 
near  the  surface,  where  oxidation  and  leaching  take  place  at  Eio 
Tinto,  the  air  has  free  access  to  the  ore,  whereas  air  is  not  admitted 
to  ores  that  lie  at  great  depths  where  copper  is  precipitated. 

Chopper  is  precipitated  from  sulphate  solution  by  alkaUne  silicates. 
E.  C.  SuUivan '  placed  finely  ground  materials — such  as  orthoclase, 
albite,  amphibole,  and  clay  gouge — ^in  flasks  with  copper  sulphate,  sil- 
ver sulphate,  and  other  salts.  They  remained  several  days  at  room 
temperature,  being  occasionally  shaken.  The  solutions  were  dilute 
and  the  precipitation  in  many  of  the  flasks  was  nearly  complete. 
Whether  contact  was  maintained  for  a  few  hours  or  a  few  months 
made  little  difference.  Analyses  of  the  filtrate  before  and  after 
the  reactions  showed  that  considerable  material,  especially  the 
alkalies,  had  been  dissolved  from  the  silicate.  The  filtrate  from  25 
grams  of  powdered  orthoclase  with  40  cubic  centimeters  0.1  normal 
sulphuric  acid  (2.50  millimok)  gave  the  following  results:* 

Orthoclase  and  svJphuric  acid:  content  of  40  cm*. 


Constituent. 

Grams. 

Iflllimols. 

SIOi 

0.0242 
.0313 

Undet. 
.0010 
.0556 
.0108 

AkOi 

an  03 

0»0 

MgO 

.03 

KiO 

SO 

NstO 

17 

Total 

.1229 

1  71 

Total  In  50  cm> 

.1530 

2.14 

a  This  Is  tho  number  of  divalent  millimols  to  which  0.0313  gram  alumina  is  equivalent. 


I  Collins,  A.  Jj.f  in  Pofepn^,  Franx,  The  geneais  of  ore  deposits,  1902,  p.  021. 
t  Emmons,  S.  F.,  idem,  p.  760. 

*  Sullivan,  E.  C,  The  interaction  between  minerals  and  water  solutions,  with  special  reference  to  geologlo 
phenomena:  Bull.  U.  8.  GeoL  Survey  No.  312, 1907,  pp.  37-04. 
« Idem,  p.  50. 
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The  acid  has  dissolved  somewhat  less  than  its  own  equivalent  of 
bases  from  the  orthoclase.  No  change  in  the  concentration  of  the 
sulphate  radicle  could  be  detected. 

Albite  (NaAISigO,)  in  contact  over  night  with  cupric  sulphate 
feiolution  gave  the  following  results: 

Experiment  with  albite  and  cupric  ndphate. 


Constituent 


Copper  in  60  emS: 


)pmrixi 
OilgiiiaUy. 
Finally... 


Loss. 


Content  of  38.34  em>t 

SiOt 

AlfO, 

CaO 

NftiO 


Total 

Content  of  60  cm*. 


Onma. 


aU60 
.0343 


.0023 


.0046 

.0020 

.0107 

a. 0610 


.0680 


.0688 


MOUmola. 


1.90 
.64 


1.46 


.06 
.19 
.83 


1.08 


1.41 


a  Including  a  little  MgO  and  KsO. 


Twenty-five  grams  powdered  orthoclase  were  placed  in  contact  for 
two  days  with  50  cubic  centimeters  of  silver  sulphate  solution.  The 
silver  was  almost  completely  precipitated. 

Experiment  with  orthoclase  and  silver  sulphate. 


Constituent 


l£ilU- 

oquiva- 

lents. 


Silver  in  60  cm>: 
Orlglnallv... 
FinaUy 


0.1066 
.0039 


0.98 
.04 


Loss. 


Content  of  30.37  cm^ 
SiOfl,  FesOi.  etc. 

CaO 

MgO 

KfO 

NaiO 


Total.... 
Total  in  50  cm' 


.1027 

.M 

.0007 

.0001 

.0004 

.02 

.0170 

.36 

.0073 

.23 

.0266 

.61 

.0421 


LOl 


Experiments  by  Sullivan  on  shale  from  Morenci,  Ariz.,  are  describsd 
by  Lindgren^  as  follows: 

Fifty  grams  of  shale  finely  ground  in  agate  mortar  were  placed  in  100  cubic  centi- 
meters of  solution  of  cupric  sulphate  containing  0.0025  gram  of  copper  per  cubic 
centimeter.  After  standing  for  four  days,  with  occasional  shaking,  the  solution 
contained  but  5  per  cent  of  that  amount  of  copper.  A  solution  of  the  same  strength 
had  lost  all  its  copper  after  four  months'  contact  with  shale.  A  concentrated  solution 
with  original  content  of  0.7645  gram  copper  per  cubic  centimeter  had  but  0.7058  gram 

1  Lindgren,  Waldemar,  The  oopper  deposits  of  the  Cllfton-Morenoi  district,  Aiiiona:  FroL  Piqwr  U.  8. 
OeoL  Surrey  No.  48, 1906,  p.  102. 
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copper  per  cubic  centimeter  after  a  few  days'  contact,  100  cubic  centimeten  of  aolution 
thus  giving  up  nearly  0.6  gram  copper  (0.75  g.  cupric  oxide,  CuO)  to  50  grams  ahale. 

A  certain  amount  of  acid  radicle  is  also  taken  from  the  solution  by  the  shale.  This 
loss  in  one  experiment  with  the  dilute  copper  sulphate  mentioned  was  something 
over  10  per  cent  of  the  total  S0«. 

The  flhale  in  turn  gives  oflf  a  part  of  its  constituents  to  the  solution,  about  0.2  gram 
having  been  found  in  100  cubic  centimeters  after  treatment  with  the  dilute  copper- 
sulphate  solution.  This  is  0.4  per  cent  of  the  50  grams  ahale  taken.  Of  this  dissolved 
matter,  mostly  present  as  sulphate,  one-third  to  one-half  was  potassium  oxide,  most 
of  the  remainder  being  magnesium  oxide  and  calcium  oxide,  with  sodium  oxide, 
manganese  oxide,  ferric  oxide,  and  silica  in  smaller  quantities. 

The  acidity  of  the  solution  was  not  increased  by  removal  of  copper,  analysis  showing 
that  copper  precipitated  in  excess  of  that  equivalent  to  the  acid  radicle  removed 
was  replaced  in  solution  by  other  bases  as  sulphates. 

Reactions  of  this  character  are  probably  at  some  places  impor- 
tant processes  in  the  enrichment  of  ore  bodies,  for  the  essential  con- 
ditions of  the  experiments  commonly  exist  in  nature.  The  neutrali- 
zation of  the  acid  solutions  by  the  alkaline  sihcates  permits  also  such 
reactions  as  are  favored  by  a  neutral  environment. 

In  some  silver  and  copper  mines  clay  gouge  and  highly  altered 
material  carry  valuable  minerals.  This  altered  material  may  have 
been  produced  by  the  attrition  of  rock  originally  metalliferous,  but 
the  experiments  described  above  suggest  processes  by  which  it  may 
have  been  enriched.  The  results  of  experiments  showing  the  extent 
to  which  these  reactions  may  go  on  when  sulphides  also  are  present 
are  not  available. 

According  to  Stephen  H.  Emmens,*  hydrogen  sulp^  'de  and  sulphur 
dioxide  form  with  sulphur  as  intermediate  steps  in  the  oxidation  of 
pyrite.  These  compounds,  however,  will  oxidize  where  oxygen  is 
in  excess,  or  in  the  absence  of  water  pressure  they  can  readily  escape; 
thus  hydrogen  sulphide  would  have  but  little  effect  in  precipitating 
the  metals  in  the  oxidizing  zone. 

The  statement  of  Emmens  that  hydrogen  sulphide  is  formed  in  the 
oxidation  of  sulphides  was  made  as  early  as  1892,  but  it  was  not  sup- 
ported by  a  record  of  experiments  and  it  has  not  received  the  atten- 
tion that  it  probably  deserves.  Buehler  and  Gottschalk  showed 
that  pure  water  does  not  generate  hydrogen  sulphide  in  the  presence 
of  oxygen  with  sulphides,  but  it  is  formed  on  contact  with  some  sul- 
phides and  weak  sulphuric  acid. 

The  crj^stallized  and  the  freshly  precipitated  sulphides  of  a  metal 
may  show  considerable  difTerencc  in  solubiUty  in  water,  as  is  indicated 
by  the  table  below,  which  gives  the  results  of  a  number  of  determi- 
nations by  Weigel,^  who  used  a  sensitive  apparatus  for  measuring 
these  very  low  solubiUties.     Weigel  showed  also  that  the  amount 


1  EmmtDS,  S.  H.,  The  chemistry  of  gossan:  Eng.  and  Min.  Jour.,  vol.  54, 1892,  pp.  582-583. 
s  WelSBl,  Oskar,  Die  LMichkdt  von  Schwermetallsulflden  in  relnem  Wasser  Zeitschr.  phys.  Chemis, 
TOL  58, 1907,  pp.  28S-300. 
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of  lead  sulphide  dissolved  in  water  increases  for  a  short  period  and 
then  decreases,  owing  probably  to  the  precipitation  from  the  solution 
of  ciystaUized  galena,  or  some  dense  form  which  is  less  soluble  than 
the  freshly  precipitated  sulphide. 

Solubility  of  the  sulphides  of  the  heavy  metals  in  distilled  water  at  18?  C. 


[Mols  Xl(t*  per  liter.] 

Freshly  precipitated  (probablj  amorphous). 

MnS 71.60 

ZnS 70.60 

FeS 70.1 

CoS 41.62 

NiS 39.87 


CdS.. 
Sb^S,, 
PbS. 
CuS.. 

AgjS. 

HgS. 


9.00 

5.2 

3.6 

3.51 

2.1 
.552 
.35 
.054 


CrystalUzod. 

MnS 54.5 

Pyrrhotite 53. 6 

Pyrite  (Freiberg) 48. 89 

Pyrite  (artificial) 40.84 

Wurtzite  (artificial) 28. 82 

Millerite  (artificial)) 16. 29 

Greenockite  (artificial) 8. 99 

Zinc  blende  (Santander) 6. 55 

Zinc  blende  (artificial) 6. 63 

CuaS 3.1 

Galena  (Freiberg) 1. 21 

Galena  (artificial) 1. 21 

Galena  (from  precipitated  PbS).     1. 18 

SnSj 1.13 

AgjS 5522 

SnS  (crystallized) 14 

Schuermann/  after  extensive  experimentation,  established  a  series 
in  which  the  sulphides  of  any  one  of  the  metals  thereof  will  be  pre- 
cipitated at  the  expense  of  any  sulphide  lower  in  the  series.  He 
used  50  cubic  centimeters,  of  about  0.1  formula  weight,  of  solutions 
of  the  salts  noted  below  with  100  cubic  centimeters  of  water  and 
introduced  small  amounts  of  metallic  sulphides. 

Amounts  of  various  salts  used  in  Schuermann^s  experiments. 

Grains  per  liter. 

CuS04.5HaO 24.880 

Pb(NO,)a 33.018 

ZnS04.7U20 28. 642 

NiS04.7naO 28.014 

Co(NO,)a.6ir20 29.014 

FeS04.7n,0 27.742 

HgClj 27.054 

CdS04.lHaO 25. 541 

Bi02.H2(N03) 30.311 

MnS04.5HaO 24. 042 

AgNO, 16. 955 

SnCla.2n20 22. 406 

PdCla 17.694 

JAsjO, 9.884 

C4n40,-^.jnaO 33.119 

The  sulphides  were  placed  in  150  cubic  centimeter  flasks  that  were 
closed  with  a  Bunsen  valve  to  allow  steam  to  escape  and  to  prevent 
access  of  air.    On  the  appUcation  of  heat  the  metal  in  solution  as 


&  Bcboennaim,  Ernst,  Uober  dJe  Verwindtiohaft  der  SohwwmetaU*  nun  Bobwefel:  Lleblg's  Ann.  d« 
Cbtmie,  vol.  M9, 1888,  p.  SaO. 
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sulphate,  as  chloride,  or  as  nitrate  was  precipitated  as  sulphide,  and 
the  metal  of  the  introduced  sulphide  simultaneously  went  into  solu- 
tion. In  general,  the  attack  was  continued  for  sereral  hours.  EBs 
series  is  as  follows:  Palladium,  quicksilver,  silver,  copper,  bismuth, 
cadmium,  lead,  zinc,  nickel,  cobalt,  iron,  thallium,  and  manganese. 
Under  the  conditions  named  any  metal  in  solution  will,  according  to 
Schuermann,  be  precipitated  as  sulphide  if  in  contact  with  a  metal 
lower  in  the  series  and  the  metal  lower  in  the  series  will  simultane- 
ously go  into  solution.  As  a  rule  the  reaction  is  the  more  nearly 
complete  the  farther  apart  the  two  metals  are  in  the  series. 

In  a  series  which  he  regards  as  showing  the  ''relative  aflGuxity"  of 
the  heavy  motals  for  sulphur  Schuermann  includes  antimony,  arsenic, 
and  tin.  This  series  is  palladium,  mercury,  silver,  copper,  bismuth, 
cadmium,  antimony,  tin,  lead,  zinc,  nickel,  cobalt,  iron,  arsenic,  thal- 
lium, and  manganese.    Those  last  named  have  the  least  affinity. 

Schuermann's  results  have  been  widely  applied.  The  term  ''chem- 
ical affinity"  is  a  convenient  one  but  is  used  in  absence  of  more 
definite  information  to  express  a  relation,  not  chemical  constants. 
As  pointed  out  by  Wells,  the  principal  results  of  Schuermann's 
experiments  may  be  regarded  as  reactions  establishing  chemical 
equilibria,  the  salts  being  fixed  in  order  of  their  solubiUties  under 
the  conditions  of  the  experiments.  The  positions  of  the  commoner 
metals  in  the  Schuermann  series  agree  fairly  well  with  the  solu- 
biUties of  the  sulphides  determined  by  Weigel,  and  the  metals  which 
replace  those  lower  in  the  series  generally  have  lower  solubilities 
than  those  which  are  replaced.  As  shown  in  the  table  that  fol- 
lows there  are,  however,  several  discrepancies  between  the  Schuer- 
mann series  and  WeigeVs  table. 

If  ammonium  sulphide  is  added  to  a  solution  in  which  the  metals 
are  dissolved  (in  equal  molar  concentration)  those  which  have  the 
lowest  solubilities  should  be  precipitated  first.  Under  similar  con- 
ditions and  with  equal  molar  concentrations  the  metals  would  be 
precipitated  by  ammonium  sidphide  approximately  but  not  exactly  in 
the  order  indicated  in  the  Schuermann  series.  This  order  of  precipi- 
tation would  hold,  however,  for  the  sulphides  of  the  most  common 
metals  and  for  those  which  are  assumed  to  be  most  important  in 
problems  of  sulphide  enrichment. 

In  the  table  below  Schuermann's  series  is  compared  with  a  series 
showing  the  solubilities  of  the  metallic  sulphides  as  determined  by 
Weigel,  the  numbers  in  parentheses  indicating  the  order  of  (molar) 
solubility.  In  Schuermann's  series  the  metals  are  arranged  in  the 
order  of  their  decrease  of  '* affinity  for  sulphur."*  In  WeigeFs 
series  the  order  of  solubility  of  the  freshly  precipitated  metallic  sul- 

1  Sohuennann,  Ernst,  Ueber  die  Verwandfltchaft  der  Sohwermetalle  xam  Schwefel:  Liebig's  Ann.  der 
Chemie,  voL  249,  1888,  p.  326.  Emmons,  S.  F.,  The  secondary  enrichment  of  ore  deposits^  Tnim.  Am. 
Inst.  Mln.  Eng.,  vol.  30, 1901,  p.  212.  Weed,  W.  H.,  The  enrichment  of  gold  and  silver  veins:  TruM.  Am. 
iDflt.  Mln.  Eng.,  vol.  30,  1901,  p.  428;  The  affinity  of  metals  for  snlphor:  Eng.  and  Kin.  Jour.,  voL  fiO, 
1890,  p.  484;  Review  of  leotara  by  Watson  Smith,  on  Schoermann's  reactions:  Jour.  Soo.  Chain.  Ind^ 
FOL  n,  1902,  pp.  809-«71. 
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phides  is  expressed  in  mols  per  liter;  ^  to  each  amount  stated  should 
be  applied  the  factor  XlO"*. 

Compariaon  of  Schuennann*8  and  WeigeVs  sme$. 

Schuermaxm's  aeriea.  Weigel's  scries. 

(l)Hg.  (l)HgS 0.054 

(2)Ag.  (3)AgaS 552 

(3)Cii.  (4)CuS 3.51 

(4)Bi.  (2)BiaS, 35 

(5)Cd.  (6)CdS 9.0 

(6)Pb.  (5)PbS 3.6 

(7)Zn.  (lO)ZnS 70.6 

(8)Ni.  (7)NiS 39.81 

(9)  Co.  (8)CoS 41.62 

(10)  Fe.  (9)FeS 70.1 

(11)  Mn.  (ll)MnS 71.6 

Hydrogen  sulphide  is  made  in  the  chemical  laboratory  by  treating 
artificial  ferrous  sulphide  with  acid.  The  generation  of  hydrogen 
sulphide  is  almost  instantaneous.  As  recently  shown  by  Allen, 
pyrrhotite  is  in  reality  a  solid  solution  of  ferrous  sulphide  (FeS)  and 
sulphur.  Both  pyrrhotite  and  zinc  blende  dissolve  in  acid  with 
noticeable  evolution  of  hydrogen  sulphide,  whereas  pyrite  and  chal- 
copyrite  are  almost  insoluble  in  sulphuric  or  in  hydrochloric  acid. 
They  are  readily  decomposed,  however,  in  nitric,  an  oxidizing  acid. 

Several  experiments  were  made  by  R.  C.  Wells  to  ascertain  the 
rates  at  which  hydrogen  sulphide  is  generated  by  the  action  of  cold 
dilute  acid  waters  on  sulphides  of  the  metals.  The  ores,  obtained 
from  the  Smithsonian  Institution  through  the  courtesy  of  Dr.  J.  E. 
Pogue,  were  pyrite  from  Leadville,  Colo. ;  chalcopyrite  from  the  Cactus 
mine,  Utah;  sphalerite  from  Webb  City,  Mo.;  pyrrhotite  from  Ely, 
Vt.;  and  galena  from  the  Motley  mine,  CarterviUe,  Mo.  All  these 
specimens  appeared  to  be  pure.  They  were  powdered,  washed  with 
hydrochloric  acid,  alcohol,  and  ether,  and  sifted,  the  material  passing 
a  200-mesh  sieve  and  that  held  on  an  80-mesh  sieve  being  rejected. 
Thus  the  material  used  was  free  from  fine  dust  and  lumps. 

In  preliminary  experiments  the  minerals  were  used  in  quantities 
proportional  to  their  densities,  thus  insuring  approximately  equal 
surfaces.  Portions  of  the  minerals  placed  in  flasks  and  covered  with 
0.1  normal  sulphuric  acid  showed  no  visible  change  until  a  week  had 
elapsed,  when  flasks  containing  pyrrhotite  began  to  show  a  precipi- 
tate of  basic  ferric  sulphate.  No  regularity  was  found  in  the  variation 
in  the  acidity  of  the  solutions  on  account  of  the  simultaneous  con- 
sumption and  production  of  acid  with  the  different  minerals. 

The  five  minerals  were  further  exposed  overnight  to  0.057  normal  sul- 
phuric acid.  The  resulting  solutions  were  titrated  with  iodine  solution 
to  ascertain  the  amount  of  hydrogen  sulphide  generated,  the  iodine  so- 
lution used  being,  for  pyrrhotite,  28.5  cubic  centimeters;  for  sphalerite, 
1.05  cubic  centimeters;  for  galena,  0.40  cubic  centimeter;  for  chalco- 
pyrite, 0.29  cubic  centimeter;  for  pyrite,  0.28  cubic  centimeter. 

i  WeicQl,  Oflkar,  Zeitaohr.  phys.  dh«mle,  vol.  58,  p.  283. 
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A  set  of  experiments  exactly  similar  to  the  above  was  made,  the 
resulting  solutions  being  titrated  with  potassium  permanganate.  The 
consumption  of  the  salt  with  the  solutions  from  pyrrhotite  greatly 
exceeded  the  consumption  with  those  from  any  other  mineral. 

In  another  series  of  experiments  the  hydrogen  sulphide  generated 
by  the  action  of  cold  dilute  acid  on  pyrrhotite,  on  sphalerite,  and  on 
galena  was  determined  qualitatively  by  lead  acetate  paper.  There 
was  no  proof  that  hydrogen  sulphide  was  formed  with  either  pyrite 
or  chalcopyrite,  and  the  very  small  quantities  indicated  above  (0.28 
cubic  centimeter  for  pyrite  and  0.29  cubic  centimeter  for  chalcopyrite) 
are  not  regarded  by  Mr.  Wells  as  proof  that  hydrogen  sulphide  is 
formed  by  the  action  of  acid  on  pyrite  and  chalcopyrite.  The  slight 
reduction  of  the  iodine  solution  may  represent  a  correction  for  the 
end  point  of  the  titration. 

COMPOSITION  OF  MINE  WATB&S. 

ANALYSES. 

The  following  tables  show  the  results  of  analyses  of  37  samples  of 
water  taken  from  mines  containing  deposits  of  sulphide  ore: 

Analyses  of  mine  waters, 

Watan  of  copper  miiiM. 

[Parts  per  million.] 


1 

2 

3 

4 

5 

6 

7 

8 

9 

B04. 

a 

406.5 

6.8 

13.2 

Tr. 

544.7 
118.5 

Tr. 

Tr. 

90.6 
11.8 

593.4 

K42.8 

71,053.3 
17.7 

2,672.0 
13.0 

492.1 
95.7 

6,664.0 
.1 

2.068L0 
2.2 

co» 

PO4 

Tr. 

Tr. 

1.5 

Tr. 

Tr. 

Tr. 

Tr. 
47.7 
18.1 
39.6 

B4O7 

Br 

F 

BlOf 

K 

23.2 

7.1 

16.2 

Tr. 

151.2 

28.2 

0.0 

.5 

27.2 

30.5 

176.9 

36.1 

3.5 

11.1 

29.5 
11.4 
82.8 

67.4 

6.8 

41.7 

Tr. 

307.7 

149.2 

85.2 

13.2 

3.5 

4.6 

45,633.2 

411.2 

94.8 
27.9 
33.0 

55.6 
19.8 
23.4 

7S.9 
7  8 

Na 

Li 

5.9 

Ca 

92.7 
17.9 

49.0 
10.3 

512.1 
102.6 

132.5 
61.6 
83.5 
12.0 

}      - 

59.1 

852.0 

41.1 

159.8 

105.8 
25.5 

67.6 

40.6 

433.0 

.2 

238.0 

iff 

63.3 
165  0 

Mn 

Tr. 

2.5 

1.4 

3 

NL 

/ 

Co 

(..::::::: 

Cu 

tr. 
.3 

.4 
1.8 

312.1 
199.8 

40  8 

Zn 

1.9 

0.0 

54.3 

Cd 

Pe" 

Fe"' 

1.8 

1.4 

.9 

.4 

}       49.8 

r     58.1 

\         1.9 

2.178.0 
0.0 

129.6 

1.3 
U1L3 

Additv: 
HsS04... 

Alk. 

Alk. 

Alk. 

Alk. 

406.5 

1.  Oreen  Mountain  mine,  Butte,  Mont.,  2,200'foot  level  in  fissure  in  "granite,"  remote  from  known 
▼eins.  Crosscut  opened  day  before  sample  was  taken .  W .  F.  Hillebrand ,  analyst.  Weed ,  W .  H.,  Geokgy 
and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  Geol.  Survey  No.  74. 1912,  p.  101. 

2.  Olengarry  mine,  Butte.  Mont.,  220-foot  crosscut  south.  Verv  slightly  alkaline.  Biadr  deposit  con- 
taining FeS,  much  free  sulphur,  and  probably  ZnS.    W.  F.  Hillebrand,  analyst.    Weed,  idem. 

3.  Anaconda  mine,  Butte,  Mont.,  800  feet  west.  Vary  faintly  alkaline;  deposits  iron  and  manganese. 
W.  F.  Hillebrand,  analy.^t.    Weed,  idem. 

4.  Oagnon  mine,  Butte,  Mont.,  1,125  feet  from  shaft.    Verv  fainUv  alkaline;  deposits  iron.    Weed,  ideuL 

5.  Mountain  View  mine,  Butte,  Mont.,  second  level.  ^^  .  F.  Hillebrand,  analyst.  Clarke,  F.  W.,  The 
date  of  geochemistry:  Bull.  U.  S.  Oeol.  Survey  No.  330, 1908,  p.  546;  also  ^^  eed,  foe.  cit. 

6.  St.  Lawrence  mine,  Butte,  Mont.    W.  F.  Hillebrand,  analyst.    Clarke,  loc.  cit.;  also  Weed,  k>c  dt 

7.  Ruth  mine,  Robinson  mining  district.  Nevada,  bottom  of  inclined  shaft.  H.  E.  Miller,  analyst 
Lawson.  A.  C,  The  copper  deposits  of  the  Robinson  mining  district,  Nevada:  Bull.  Dept.  Qeology  Univ. 
California,  vol.  4, 1906,  p.  332. 

8.  Burra  Burra  mine,  Ducktown,  Tenn.,  fast  level  below  black  copper  workines.  R.  C.  Wells,  analyst 
£minons,^W.  H.,jmd  Luiey,  F.  B.,  Prelin^iaiy  report  on  the  mineral  depoots  of  Dudctown,  Temu 

30-foot  fiithom  leveL    R.  C.  WeUs,  analyst.    Emmaos 


cmmons,  w .  u.,  and  JLaney,  f.  is.,  rreuminary  i 
Bull.  U.  8.  Oeol.  Survey  No.  470, 1911,  pp.  ITl-ira. 
0.  East  Tennessee  mme,  Ducktown,  Tom.,  30-f 
md  LoD^,  idem. 
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AruUytes  of  mine  waters — Continued. 
Watort  of  oopper  Biil]iM--Contiiined. 


10 

11 

12 

13 

14 

15 

16 

17 

18 

B04. 

a 

444.0 
.7 

416.4 
.6 

415.8 

.7 

476.8 
.4 

5,064 
Undet. 

1,419 
18 

4,457 
22 

3.888 
Undet. 

1,335 

COi 

P0« 

B4O7 

- 

Br 

F 

SlOi 

K 

20.6 
3.2 
3.1 

19.1 
2.8 
3.0 

37.0 
2.7 
5.2 

49.9 
2.2 
5.5 

76 
}  Undet. 

28 
«170 

56 
a  198 

40 
a97 

20 

Na 

Li 

a  14 

Ca. 

18.1 

12.2 

40.1 

.3 

18.4 

11.5 

46.5 

.9 

19.7 

5.2 

14.5 

.2 

30.4 

6.2 

19.1 

.1 

436 

61 

Undet. 

236 

319 
36 
16 
37 

753 
86 
22 

153 

239 
82 
44 

150 

277 
54 

0 

lin 

NL 

45 

Co 

Cu.       .  .. 

12.8 
6.1 

12.0 
4.2 

28.1 
2.4 

11.0 
2.9 

1.059 
Undet. 

60 
252 

122 
190 

28 

Zn 

Cd 

73 

52 

Fe" 

Fe"'    

Tr. 
29.9 

108.2 

Tr. 
31.3 

115.1 

71.4 
20.3 

210.2 

89.2 
55^ 

97.6 

305 

76 

524 

799 

149 
24 

Acidity: 
H1S64... 

970 

Nfl. 

Nfl. 

Nfl. 

Nfl. 

a  Calculated  as  K|0+NatO. 

10.  No.  20  shaft  (top),  Ducktown,  Tenn.    Emmons  and  Laney,  nnpabUshed  manuscriiyt 

11.  No.  20  sbaft  (bottom),  Ducktown,  Temi.    Emmons  and  Leiney,  Idem. 

12.  Callaway  sliaft,  Ducktown,  Tenn.,  at  water  level.  R.  C.  wells,  analyst.  Emmons  and  Laney, 
Preliminary  report  on  the  mineral  deposits  of  Ducktown,  Tenn.:  Bull.  U.  S.  Geol.  Surrey  No.  470, 1011, 
pp.  171-172. 

13.  Callaway  shaft,  Ducktown,  Tenn.,  37  feet  below  wat^*  leveL  R.  C.  Wells,  analyst  Emmons  and 
Laney.  Idem. 

14.  Capote  mine,  Cananea,  Mexico,  300-foot  level.  O.  W.  Hawlev  (chief  chemist  Cananea  Consolidated 
Copper  Company),  analyst.    Analvscs  14  to  17  obtained  throu^  tne  courtesy  of  Mr.  D.  P.  Hynes. 

15.  Capote  mine,  C^ananea,  Mexico,  400-foot  level.    O.  W.  fiawley,  analyst. 

16.  Capote  mine,  Calianea,  Mexico,  900-foot  level.    O.  W.  Hawlev,  analyst. 

17.  Capote  mine,  Cananea.  Mexico,  water  pumped  from  mine.    O.  W.  Hawley,  analyst. 

18.  Capote,  Puertacitas,  (3ananea-I>uluth,  and  Democratic  mines,  Cananea,  Mexico,  water  used  at 
ooDoentrator  at  Cananea.    Circulates  at  conoeDtratQr  in  contact  with  ore  and  air.    0.  W.  Hawky,  analyst 
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Analyset  of  mine  waten — Oontinued. 
Waten  of  gold.  illTer,  and  fold  and  inTer  mlnaf. 


19 

20 

21 

22 

23 

34 

26 

26 

27 

38 

B04 

43.20 

7.90 

110.50 

16L70 

186.40 

1,513.44 

L60 

Tr. 

380.38 

1.27 

115.03 

474.00 

19.00 
20.45 

209,100.00 
127.60 

173.40 

.52 

47.71 

272.30 

13.77 

241.39 

loaoD 

16.82 
194.70 

7.70 

3.16 

141.80 

7.80 

a 

3.10 

COi 

140^60 

NO» 

PO4 

Tr. 

s 

1.10 
32.70 

1.00 
13.40 

8101 

25.90 
10.60 
36.40 
Tr. 
37.40 

24.42 

198.00 

719.45 

2.85 

146.41 

1.95 

177.67 

1.06 

.67 

30.50 

8.39 

57.13 

133.40 

53.40 

132.00 

616.00 
'"636.'66' 

37.86 

62.26 

.27 

59.96 

80.90 

6.86 

68.92 

254.10 

7.84 

4L40 

K 

L66 

Na 

13.70 

LL 

ca 

148.10 

100.10 

1,286.00 

72.37 

113.70 

84.06 

33.60 

44.18 

Br 

Mg 

12.25 
.40 
.80 

154.08 

5.88 
L37 

6,590.00 

9, 67a  00 

885.10 

6.70 

3.35 

AT. 

Mn 

.27 

L90 

Nl 

Co 

Cu 

Tr. 
.20 
Tr. 

}      .70 

.02 

.34 

1.35 

3.50 

147.50 

Zn 

Pb 

Tr. 

Tr.f 

F*" 

/ 

Tr. 
Tr. 

Tr. 
Tr. 

Tr. 
Tr. 

Fe'". 

{;.::;:: 

6.33 

5,025.00 

H  (bicarbonates). . 

4.60 
Alk. 

1    4.20 

4w70 

Hiadda) 

3.575.00 

Alk. 

#e«o,: 

AltO, 

L80 

COf 

37.20 

1,418.61 

19.  Oeyser  mine,  Custer  County,  Colo.,  500-foot  level.  W.  F.  Hillebrand,  analyst.  Emmons,  8.  F., 
The  mines  of  Custer  County,  Colo.:  Seventeenth  Ann.  Rept.  U.  8.  Oeol.  Survey,  pt  2, 1896,  p.  461. 

20.  Geyser  mine,  Custer  County,  Colo.,  2,000-foot  level.  W.  F.  HiUebrand,  analyst*  Emmeos,  8.  F., 
op.  cit.,  p.  462. 

21.  Savage  mine  (Comstock  lode),  Storey  County.  Nev.,  600-foot  level. 

22.  C.  &C.  shaft  (Comstock  lode),  Storey  Countv,  Nov.,  2.2S0-foot  leveL  N.  E.  Wilson,  analyst.  Beid, 
J.  A^  The  structure  and  genesis  of  the  Comstock  lode:  Bull.  Dept.  Qeology  Univ.  G^Ifomia,  toL  4, 1906^ 
p.  180. 

23.  Central  tunnel  (Comstock  lode).  Storey  County,  Nov.,  vadose  water.  N.  E.  '^ilson,  analyst.  Reid, 
J.  A.,  loo.  dt.,  p.  192. 

24.  Oould  A  Curry  mine  (Comstock  lode).  Storey  Cotmty,  Nev.,  1,700-foot  leveL 

25.  Hale  &  Norcross  tunnel  section  (Comstock  lode).  Storey  County,  Nev. 

26.  Oould  &  CJurry  mine  (Comstock  lode).  Storey  County,  Nev.,  ]L800-foot  level. 

27.  Federal  Loao  mine,  Nevada  City,  CaL,  400-foot  level.  W.  F.  Hillebrand,  analyst.  Lindmn,  Wal- 
demar.  The  gold-quartz  veins  of  Nevada  City  and  Grass  Valley,  California:  Seventeenth  Ann.  Kept.  U.  S. 
Geol.  Survey,  pt.  2, 1896,  p.  121. 

28.  Black  Jmnoe  mine,  Nevada  City,  C3al.,  400-foot  level    W.  F.  Hillebrand,  analyst    Lindgren,  idem. 


CHEBnSTBY  OF  EKBICHMENT. 


68 


Analytes  of  mine  toaten — Continued. 
Wattn  of  gold,  tOwn,  aad  gold  aad  ^tm  ninet— Continiied. 


39 

30 

31 

83 

83 

34 

35 

M 

37 

B04 

CI 

258.40 
Tr. 

26.65 

Tr. 

280.10 
Tr. 

134.80 

12.40 

eai2 

Tr. 
78.3 

104.4 

L6 

92.4 

2,039.51 
8.10 

827.3 

35.6 

87.9 

Tr. 

67.3 
15 

co» 

130 

NOi 

PO* 

8 

SlOf 

K 

2.10 

8.00 

8.80 

18.00 

32.25 

2.41 

28.52 

23.2 
3.5 
7.5 

43.80 
70 
106.37 

64.8 

3.4 

148.8 

55.8 
5.0 

Na 

30.1 

Li 

Ca. 

8r 

90.76 

72.48 

106.20 

46.40 

17.36 

46.2 

187.15 

68.8 

30.1 

?? 

13.08 
1.49 
4.74 

Tr. 

Tr. 

14.90 
.37 

4.12 
Tr. 
Tr. 

17.14 
1.49 
1.88 

Tr. 

Tr. 

14.60 

1.30 

7.3 

93.50 

3.12 

155.58 

6.3 

6.7 

Mn 

.25 

3.2 

.7 

.8 

Nl 

Co 

Co. 

77.06 

49.66 

3.44 

164.82 

Zn 

2.82 

47.40 

18.88 

8.90 

Tr. 

Pb 

Pe" 

6.60 

1.47 

.85 

.4 

Pe'". 

4.74 

6.30 

4.09 

.7 

H    (bicar- 
bobates). 

H(ad(!3).. 

Alk. 

Alk. 

PbiOb.... 

AlsOi.... 

COi...!! 

61.53 

72.60 

39-32.  Rotbschfoberger  StoUn,  Frotberg,  Germany.  A.  Frenzel,  analyst  Beck,  Richard,  The  nature 
of  ore  deposits  (tnmslated  by  W.  H.  Weed),  vol.  2, 1905,  p.  377. 

33.  Bachelor  mine,  Creede,  Colo.  Iron  includes  some  aluminum.  Water  Is  alkaline.  Chase  Palmer, 
analyst. 

34.  Solomon  mine,  Croede,  Colo.  Iron  indudes  some  aluminum.  Water  is  alkaline.  Chase  Palmer, 
analyst. 

35.  Stanley  mine,  Idaho  Springs,  Colo.  L.  7.  W.  Jones,  analyst.  Jones,  L.  J.  W.,  Ferric  sulphate  in 
mine  waters  and  its  action  on  metaJs:  Proo.  Cotorado  Sci.  Soc,  vol.  6. 1897-1900,  p.  48. 

38.  Mlspah  mine,  Tonopah,  Nov.,  fh>m  bore  hole  2,316  feet  deep.  Bicarbonates  were  reduced  to  normal 
carbonates.    R.  C.  Wells,  analyst. 

37.  Nettie  mine,  Butte,  Mont.,  300-foot  level  W.  P.  Hlllebrand,  analyst.  Weed,  W.  H.,  Geology 
and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  8.  OeoL  Surrey  No.  74, 191%  p.  101. 


DISCUSSION   OF  ANALYSES. 


MIHES  RSPRESEITTED. 


Of  the  foregoing  analyses  of  37  samples  of  water  taken  from  min^ 
containing  sulphide  deposits,  samples  1  to  18  were  taken  from  copper 
mines  and  samples  19  to  37  from  gold,  silver,  and  gold-silver  mines. 
The  tables  include  almost  all  the  available  nearly  complete  analyses 
of  waters  from  sulphide  deposits  in  noncalcareous  rocks.  Among 
those  not  included  in  the  table  are  several  analyses  of  waters  from 
the  district  in  southeastern  Missouri  containing  disseminated  lead 
deposits,  discussed  by  Buckley,*  and  some  analyses  of  waters  from 
the  Granby  district  and  from  Joplin,  in  southwestern  Missouri.  A 
number  of  partial  analyses  of  waters  from  gold  mines  of  Australia 
and  New  Zealand  are  reported  by  Don,'  and  several  analyses  of 

*■  Buckley,  E.  R.,  Geology  of  the  disseminated  lead  deposits  of  St.  Francois  and  Washington  counties: 
Missouri  Bur.  Geology  and  Mines,  vol.  0,  pt.  1, 1908,  pp.  99, 171, 249. 
*  Don,  J.  R.,  The  genesis  of  certain  auriferous  lodes:  Trans.  Am.  Inst.  MIn.  Eng.,  vol.  37  1808  p.  664. 
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waters  of  the  Homestake  mine,  Lead,  S.  Dak.,  have  recently  been 
published  by  Sharwood.^  Analyses  of  waters  from  the  Lake  Superior 
copper  mines,  reported  by  Lane,'  have  not  been  included  in  the 
tables,  for  these  are  chloride  waters  and  their  discussion  would  be 
irrelevant  to  the  subject  of  sulphide  enrichment. 

Five  mines  are  represented  by  two  or  more  analyses.  More 
extended  series  of  analyses  of  waters  taken  at  different  depths  from 
the  same  body  of  water  would  be  very  useful  in  investigations  made 
to  determine  the  acidity  and  the  state  of  oxidation  of  waters  as  related 
to  depth.  The  first  work  of  this  character  was  done  by  Lepsius,' 
who  showed  that  the  oxygen  content  of  waters  taken  from  bore 
holes  decreases  with  increase  of  depth.  A  series  of  samples  (Nos.  14 
to  17)  from  the  different  levels  of  the  Capote  mine,  Cananea,  Sonora, 
analyzed  under  the  direction  of  G.  W.  Hawley,  chief  chemist  of 
the  Cananea  Consolidated  Copper  Co.,  is  especially  valuable.  San^ 
pies  12  and  13  were  obtained  from  the  Callaway  shaft  at  Ducktown, 
Tenn.;  sample  12  was  taken  from  the  top  of  tiie  water  level  in  this 
shaft,  and  sample  13  was  taken  37  feet  below.  To  obtain  this  sample 
a  special  device  was  arranged  by  Mr.  Laney  and  myself  for  sub- 
aqueous filtration.  This  device  consisted  of  a  crate  holding  two 
1-gallon  bottles,  below  which  was  attached  a  heavy  weight  to  sink 
the  unfilled  bottles;  below  this  was  attached,  with  a  short  rope,  a 
second  weight  for  sounding.  Each  bottle  was  equipped  with  a  small 
cylindrical  filter  tube  charged  with  asbestos  wool.  A  perforated 
porcelain  disk  was  placed  below  and  another  above  the  wool  to 
equalize  pressure.  The  filter  tube  extended  nearly  to  the  bottom  of 
the  bottle  to  prevent  air  from  coming  into  contact  with  the  water  drop- 
ping into  the  bottles.  Each  stopper  was  fitted  with  a  glass  exhaust 
tube  extending  from  the  top  of  the  bottle  to  a  point  above  the  filter, 
and  the  upper  end  of  each  tube  was  fitted  with  a  valve  which  let  out 
air  but  prevented  any  intake  of  water.  Rubber  sheeting  was  fastened 
over  the  filter  to  prevent  premature  entry  of  waters  and  this  was 
removed  by  means  of  a  strong  cord  passed  to  the  surface.  The 
bottles  were  lowered  slowly  to  prevent  the  stirring  of  the  water  in  the 
shaft. 

Many  of  the  samples  were  taken  from  small  bodies  of  water  standing 
in  mines.  The  water  in  such  bodies  is  generally  more  concentrated 
than  the  average  water  of  the  mines  and  is  probably  not  typical 
underground  mine  water.     Samples  8,  9,  10,^11,  12,  13,  22,  27,  28, 

I  Sharwood,  W.  J.,  Analyses  of  some  rocks  and  minerals  from  the  Uomcstake  mjno.  Lead,  8.  Dak.:  Eoon. 
Geology,  vol.  6, 1911,  p.  742. 

s  Lane,  A.  C,  Mine  waters:  Proc.  Lake  Superior  Min.  Inst.,  vol.  13,  1908,  pp.  &-152;  Minh^n  jrom 
mines  and  their  mine  waters:  Jour.  Canadian  Min.  Inst.,  vol.  12, 1910,  p.  124. 

•  Lepsius,  B.,  Ueber  die  Abnahme  de  gclteten  Saucrstofls  in  Grundwasser  und  einen  «>faiiy*h«^n  Appnti 
Kor  Entnahme  von  Tiefproben  in  Bohrlochem:  Ber.  Deutsch.  chem.  Gesell.,  vol.  18,  pt.  2, 1885,  pp.  2487* 
2400. 
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33,  34, 36,  and  probably  several  others  were  taken  from  underground 
streams  or  rills  or  from  large  bodies  of  standing  water. 

The  composition  of  mine  water,  especially  that  in  the  upper  part 
of  a  deposit,  is  changed  by  the  opening  of  the  mine,  by  which,  doubt- 
less, the  water  is  more  highly  oxidized  and  probably  its  acidity  is 
increased.  The  addition  of  artificial  water  channels  and  the  depres- 
sion of  the  ground-water  level  by  pumping  produces  mixtures  of 
water  from  several  levels  and  increases  the  rate  of  the  underground 
circulation.  This  increase  tends  to  dilute  the  waters;  but,  on  the 
other  hand,  the  downward  change  to  a  more  highly  oxidized  and 
therefore  a  more  highly  acid  condition  will  render  the  solutions  more 
active  solvents  and  tend  to  increase  the  concentration  of  metals  they 
contain.  Which  set  of  processes  predominates  can  not  be  shown, 
but  the  analyses  represent  only  quahtatively  the  character  of  the 
solutions  by  which  alterations  of  sulphide  ores  are  brought  about. 
Many  of  the  analyses  are  not  complete,  and  some  analysts  do  not 
state  whether  certain  elements  were  looked  for.  Some  of  the  aver- 
ages are  therefore  only  rude  approximations. 

(n  the  work  of  recalculating  these  analyses  to  the  ionic  form 
of  statement  I  have  had  assistance  from  Messrs.  H.  K.  Shearer, 
N.  Sankowsky,  and  Clarence  RusseU. 

OHZMXOAL  0HAH0B8  ZHDZOATBD. 

Sulphates  and  sulphuric  acid. — Sulphides  exposed  to  air  and  water 

are  changed  to  sulphates  and  to  sulphuric  acid.     The  iron  minerals 

are  the  more  important  sources  of  sulphuric  acid  because  some  of 

them  contain  more  sulphur  than  that  necessary  to  balance  iron  when 

iron  sulphate  forms  and  because  iron  sulphate  in  the  presence  of 

oxygen  forms  the  ferric  salt,  which  hydrolyzes  readily,  giving  basic 

ferric  sulphate  and  ultimately  limonite.     Galena  and  zinc  blende 

may  oxidize  to  sulphates  without  liberating  acid.     The  following 

equations,  which  represent  certain  stages  in  the  reactions,  illustrate 

this  principle: 

FeS, + H,0  +  70  =  FeS04  +  H,SO,. 

Fe7S,  +  H,0  +  3lO  =  7FeS04+H,SO^ 

CuFeS,  +  80  =  FeSO^  +  CuSO^. 

PbS  +  40  =  PbS0,. 

ZnS  +  40  =  ZnS04. 

The  oxidation  of  ferrous  sulphate  to  ferric  salt  and  the  hydro- 

lyzation  of  ferric  sulphate  take  place  very  readily  in  the  presence  of 

oxygen. 

2FeS0,+H^,+0  =  Fe,(S0.),+H,0. 

6FeS0,+30  +  3H,0  =  2Fe,(S04),  +  Fe,(0H),, 

Fe,(S0J,  +  6H,0-2Fe(0H),  +  3H,S04. 

72293**— BuU.  529—13 5 
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All  the  waters  from  copper  mines  (1-18)  are  sulphate  solutions. 
Carbonates  are  determined  in  only  one  of  these — No.  1,  which  was 
taken  at  some  distance  from  any  known  ore  body.  The  combined 
acid  radicles  of  several  are,  however,  insufficient  to  balance  the  posi- 
tive ions — a  fact  that  suggests  the  probability  that  some  of  the  metals 
are  balanced  by  carbon  dioxide  or  by  ions  containing  carbon  dioxide. 
The  average  sulphate  (SOJ  of  18  samples  of  water  from  copper 
mines  is  5,695.3  parts  per  miUion.  This  figure  is  increased  greatly 
by  sample  5,  an  exceptionally  strong  sulphate  solution.  The  average 
sulphate  of  the  17  other  samples  is  1,850.4  parts  per  million.  The 
average  sulphate  of  19  samples  from  gold  and  silver  mines  is  11,266.8 
parts  per  million;  if  the  sample  of  concentrated  water  (No.  23)  from 
the  (3omstock  lode  is  eliminated  the  average  of  18  samples  is  276.04. 
In  seven  of  the  waters  from  copper  mines  the  acidity  has  been 
determined,  the  average  being  291  parts  per  million,  calculated  as 
sulphuric  acid  (HsSOJ.  Samples  8  and  9  show  appreciable  acidity, 
notwithstanding  a  deficiency  of  sulphate  ions  to  balance  the  metals. 
In  at  least  12  samples  there  is  no  free  acid.  At  least  eight  samples 
from  copper  and  precious-metal  mines  (1,  2,  3,  4,  27,  28,  33,  34)  are 
alkaline. 

Chhrides. — The  salt  (NaCl)  in  sedimentary  rocks  may  be  dissolved 
by  ground  water,  and  in  some  places  it  is  a  source  of  conmiercial 
supply.  From  the  available  analyses  it  appears  that  in  many 
r^ons  the  amount  of  salt  in  such  rocks  is  small.  The  chlorine 
content  of  composite  samples  of  78  shales  and  253  sandstones  is 
only  a  trace,  and  an  analysis  of  a  composite  of  345  limestones  shows 
only  0.02  per  cent.*  A  few  rock-making  minerals,  such  as  chlor^ 
apatite,  scapolite,  hadyne,  and  nosean,  contain  combined  dbiorine; 
but  all  of  these  except  apatite  occur  mainly  in  rocks  of  very  rare  tjpes. 
In  some  rocks  chlorine  is  present  probably  as  sodium  chloride  in  the 
solid  particles  contained  in  fluid  inclusions. 

Apatite,  though  widespread  in  igneous  rocks,  is  a  very  stable 
mineral  and  consequently  can  not  be  regarded  as  an  important  source 
of  chlorine,  although  it  may  afford  small  amounts  when  exposed  to 
favorable  conditions  of  weathering.  The  average  chlorine  content 
of  igneous  rocks,  according  to  F.  W.  Clarke,  is  0.06  per  cent. 

Qilorine  is  present  in  nearly  all  natural  waters,  which  derive  it 
from  fine  salt  or  salt  water  from  the  sea  or  other  bodies  of  salt  water. 
The  fine  salt  is  carried  by  the  wind  and  precipitated  with  rain.'  The 
amount  of  chlorine  in  bodies  of  natural  water  varies  with  remarkable 
constancy  with  variations  in  the  distance  of  the  bodies  from  the  shore. 
Several  determinations  of  water  from  bodies  veiy  near  the  seashore 

iClarke,  F.  W.,  The  data  of  geoohemistry,  3d  ed.:  BalL  U.  S.  Ctool.  Survtff  No.  481, 1911,  p.  aSL 
*  Jackion,  D.  D.,  The  normal  dJatribatkm  of  ohlotiDe  in  the  natural  waters  of  New  York  and  New  £i^ 
luid:  Water-supply  Paper  U.  S.  Qeol.  Survey  No.  lU,  190S. 
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show  10  to  30  parts  of  chlorine  per  million;  in  bodies  a  few  miles 
away  it  is  generally  about  6  parts  per  million;  in  bodies  50  miles 
from  shore  it  is  generally  less  than  1  part  per  million. 

In  arid  countries  dust  containing  salt  doubtless  contributes 
chlorine  to  mine  waters.  Penrose,*  discussing  the  distribution  of 
the  chloride  ores,  pointed  out  long  ago  that  these  minerals  form  most 
abimdantly  in  undrained  areas. 

The  average  chlorine  content  of  the  18  analyses  of  waters  from 
copper  mines  is  63.9  parts  per  miUion.  In  three  of  these  chlorine  is 
not  reported,  but  in  two  of  the  three  it  was  not  looked  for.  The 
average  of  the  15  samples  is  76.7.  The  samples  from  gold  and  silver 
mines  carried  less  chlorine  than  those  of  copper  mines,  the  average  of 
19  being  23.8.  Exclusive  of  four  samples  showing  traces,  the  average 
is  30.2.  The  chlorine  content  of  waters  of  well-drained  areas  like 
those  of  Ducktown,  Tenn.,  and  Creede,  Colo.,  is  conspicuously  low. 
The  amount  of  chlorine  in  deposits  in  or  near  arid  regions  or  near  the 
sea  is  greater.  Two  samples  from  Butte,  Mont.,  show  a  large  content 
of  chlorine.  In  general  the  chlorine  content  in  the  samples  analyzed 
is  much  lower  than  in  samples  of  water  obtained  by  Don '  from  a 
large  number  of  Australasian  mines  and  considerably  lower  than  a 
former  estimate  (873  parts  per  million)  given  by  me  in  a  previous 
paper'  on  the  concentration  of  gold  by  cold  solutions. 

Carbonates. — Since  sulphuric  acid  tends  to  drive  carbon  dioxide  out 
of  solution,  it  would  not  be  supposed  that  highly  carbonated  waters 
would  be  common  in  mines  where  the  ore  carried  much  pyrite. 
That  small  amoimts  of  acid  sulphate  and  carbonates  may  exist  in  the 
same  solution  is  shown,  however,  by  several  analyses.  In  the  acid 
waters  imder  consideration  the  carbonates  of  the  bases  would  neces- 
sarily be  present  as  bicarbonates,  although  this  fact  is  not  indicated 
in  all  the  analyses. 

Carbonates  were  determined  in  only  one  sample  of  water  from 
copper  mines  but  are  probably  present  in  others.  Carbonates  are 
shown  in  13  waters  from  gold  and  silver  mines,  the  average  of  the 
13  samples  being  224.6  parts  per  million.  The  average  of  the  19 
samples  from  precious-metal  mines  is  153.7  parts.  Two  waters 
from  the  Geyser  mine,  Custer  Coimty,  Colo.,  and  two  from  Creede, 
Colo.,  contain,  in  addition  to  the  carbonate  radicle  (CO,),  considerable 
excess  carbonate  calculated  as  carbon  dioxide  (CO,),  but  this  is  not 
included  in  the  average.  Several  analyses  of  waters  from  mines  of 
Butte,  Mont.,  show  insufficient  carbon  dioxide  in  the  bicarbonate 

i  Penrose,  R.  A.  F.,  Jr.,  The  superficial  alteration  of  ore  deposits:  Jonr.  Geology,  vol.  2, 1804,  pp.  314-318 

s  D«n,  J.  R.,  The  genesis  of  certain  auriftaoos  lodes:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  27, 1808,  p.  854. 

a  Emmons,  W.  H.,  The  agency  of  manganese  in  the  superfldal  alteration  and  secondary  enrichment  of 

gold  deposits  in  the  United  States:   BolL  Am.  Inst.  Min.  Eng.,  1910,  p.  774;  Jotnr.  Geology,  vol.  19, 1911, 

pw  90.    To  obtain  this  estimate  many  partial  analyses  were  Inoltided.    These  ace  not  given  in  the  table 

€B  pages  89-83. 
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state  to  satisfy  the  bases,  hence  both  normal  and  bicarbonates  were 
assumed  as  present  and  the  smnmation  was  raised  to  correspond.* 

Silica. — ^The  analyses  show  that  appreciable  siUca  is  dissolved  even 
in  strongly  acid  mine  waters.  Very  Uttle  is  known  concemmg  the 
conditions  that  favor  the  solution  of  siUca  in  such  waters.  Solutions 
that  contain  much  alkali  and  carbonate  generally  carry  larger 
quantities  of  siUca,  although  the  one  that  carries  the  most  &dlica  is  a 
concentrated  sulphate  solution  from  the  Comstock  lode.  The 
average  silica  content  of  18  waters  from  copper  mines  is  44.7;  that 
of  waters  from  19  precious-metal  mines  is  69.4. 

Arsenic  and  antimony. — Arsenic  and  antimony  compounds  are 
dissolved  in  some  mine  waters,  for  there  is  evidence  that  minerals 
containing  these  metals  are  deposited  from  cold  solutions.  Only 
traces  of  arsenic  and  antimony  are  reported  in  the  analyses,  but 
Dr.  HiUebrand  notes  that  considerable  arsenic  was  present  in  a 
precipitate  from  a  filtered  sample  of  water  collected  by  Waldemar 
Lindgren  at  Grass  Valley,  Cal.,  where  the  gold  ores  carry  arsenical 
minerals.  Traces  of  arsenic  are  reported  in  three  waters  from  Butte, 
Mont. 

NUrcUes. — ^Nitrates  are  not  abimdant  in  mine  waters.  In  only  one 
analysis  (20)  is  nitrate  (NO,)  reported  (1.60  parts  per  million),  and 
this  in  a  water  that  was  questionably  representative,  for  it  appears 
to  have  been  imperfectly  filtered.' 

Phosphates. — ^Traces  of  phosphate  are  reported  in  eight  mine  waters. 
One  sample  contained  1.5  parts  per  million;  others  contained  none, 
if  determinations  for  phosphate  were  made. 

Potassium, — Potassium  has  been  foimd  in  all  the  samples  of  waters 
from  copper  mines  where  it  was  looked  for.  The  average  of  13 
samples  is  10.7.  In  the  samples  from  gold  and  silver  mines  it  varied 
from  1  part  to  254  parts  per  million,  the  average  of  14  samples 
being  53.9.  If  it  is  assumed  to  have  been  absent  in  the  five  samples 
in  which  it  is  not  reported,  the  average  content  of  19  samples  is  39.7. 

Sodium. — Owing  to  its  greater  solubility  in  sulphate  solutions, 
sodium  is  generally  more  abimdant  than  potash  in  these  mine  waters. 
The  18  samples  of  waters  from  copper  mines  contained  an  average 
of  at  least  24.8  parts  per  million,  and  13  samples  in  which  potash 
was  determined  averaged  34.4.  The  average  sodium  content  of 
14  samples  of  water  from  precious-metal  mines  is  131.6  parts  per 
million. 

Calcium. — The  average  calcium  content  of  18  samples  of  waters 
from  copper  mines  is  209.3  parts  per  million.     The  average  of  19 

1  Hillebrand,  W.  F.,  Composition  of  mine  waters,  in  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte 
district,  Montana:  Prof.  Paper  U.  8.  Oeol.  Survey  No.  74, 1912,  p.  101. 

I  Emmons,  8.  F.,  Tbe  mines  of  Custer  County,  Colo.:  Seventeenth  Ann.  Rept.  U.  8.  QvA,  Surrey, 
pt.  2, 1896,  p.  462;  analysis  of  water  from  Geyser  mine,  Silver  Cliff,  Colo.  See  also  statement  of  W.  F.  BSOtb- 
bnnd,  analyst,  on  page  460  of  sama  report. 
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samples  of  waters  from  precious-metal  mines  is  144.2  part^.  Cal- 
cium was  determined  in  every  sample. 

Magnesium. — In  18  samples  of  waters  from  copper  mines  mag- 
nesium averages  47.4  parts  per  million.  In  19  samples  of  waters 
from  precious-metal  mines  it  averages  390  parts.  In  three  samples 
of  such  waters  it  is  not  reported.  In  16  waters  of  precious-metal 
mines  it  averages  445.2  parts  per  miUion.  The  remarkable  concen- 
tration of  magnesium  in  sample  23  (an  exceptional  water)  brings  the 
average  far  above  that  of  calcium,  but  notwithstanding  the  greater 
solubility  of  its  sulphate,  magnesium  exceeds  calcium  in  only  three 
of  the  samples. 

Aluminum. — ^Like  the  alkaUes  and  alkaline  earths,  aluminum  is 
readily  dissolved  from  the  siUcates  of  the  ore  or  from  the  wall  rock. 
In  general  it  is  more  abundant  in  sulphate  waters  than  in  those  that 
carry  considerable  carbonate. 

The  average  aluminum  in  12  samples  from  copper  mines  is  81.5 
parts  per  milUon.  Singularly  enough  it  is  absent  in  five  waters 
from  mines  at  Butte,  Mont.,  which  are  in  "granite."  It  is  reported 
from  only  eight  samples  of  water  from  precious-metal  mines,  the 
average  being  1,209.9.  If  analysis  23,  which  shows  exceptionally 
high  alumina,  is  excluded,  the  average  of  the  18  other  samples  is 
only  1.3  parts  per  million. 

Manganese. — ^In  16  samples  of  water  from  copper  mines  the  aver- 
age content  of  manganese  is  40.8  parts  per  million.  In  one  analysis 
it  is  not  reported;  in  another  a  trace  is  shown.  It  is  especially 
abundant  in  the  waters  from  Cananea,  Sonora,  Mexico. 

The  average  of  13  samples  from  precious-metal  mines  is  81.5  parts 
per  miUion.  It  is  not  reported  in  six.  The  variation  in  manganese 
content  is  exceedingly  great.  Only  two  waters,  one  from  the  Com- 
stock  lode  and  another  from  the  Stanley  mine,  Greorgetown,  Colo., 
contain  more  than  a  few  parts  per  milUon. 

Iran. — ^All  the  18  samples  of  water  of  copper  mines  contain  iron. 
In  two  of  them  it  is  stated  as  total  iron;  in  14  samples  ferrous  iron 
is  present,  the  average  of  these  being  303.9  parts  per  million;  ferric 
iron  is  present  in  7  samples.  Ferrous  iron  was  probably  determined 
in  15  samples,  the  average  of  the  15  being  23.3  parts  per  million  indi- 
cating that  in  such  waters,  even  in  the  zone  where  air  is  admitted,  fer- 
rous iron  predominates  in  many  mines.  None  of  the  analyses  of  sam- 
ples taken  underground  at  Cananea  (Nos.  14-18)  show  ferric  iron,  yet 
the  sample  taken  from  the  concentrates,  where  it  circulates  over  the 
tables  in  contact  with  ore  and  air,  contains  appreciable  ferric  iron. 

In  two  samples  of  water  from  precious-metal  mines  iron  is  stated 
as  total  iron.  Ferrous  iron  is  reported  from  5  of  the  17  samples 
remaining,  the  average  being  34.8  parts  per  miUion;  or  if  it  was 
determined  in  all  17  samples,  the  average  is  10.3  parts  per  million. 
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It  IS  hi^eBt  in  the  water  from  the  Stanley  mine.  AppreciaUe  ferric 
iron  18  reported  in  six  samples,  its  average  being  841  parts  per 
million.  Excluding  sample  23.  from  the  Comstock  lode,  the  ayerage 
of  the  other  five  samples  is  only  about  5  parts  per  million.  This  is 
lower  than  the  ferric  iron  in  waters  from  copper  mines  and  Tery 
much  lower  than  the  ferric  iron  determined  by  Don  in  many  waters 
from  Australasian  mines. 

Copper. — Copper,  dissolved  as  sulphate,  is  abundant  in  many  mine 
waters.  In  some  mines  at  Butte,  Mont.,  Ducktown,  Tenn.,  Jerome, 
Ariz.,  and  Rio  Tinto,  Spain,  and  in  the  Ballygahan  mine,  WicUow, 
Ireland,  the  waters  during  certain  periods  of  development  have 
been  sufficiently  cupriferous  to  yield  marketable  quantities  of  copper. 
The  average  of  13  samples  from  copper  mines  is  3,690  parts  per 
milUon.  In  five  samples  it  is  absent  or  is  not  reported.  The  water 
from  the  Mountain  View  mine  at  Butte,  Mojit.,  is  by  far  the  most 
highly  cupriferous.  Exclusive  of  this  the  average  of  12  samples  is 
only  195.5  parts  per  million.  Copper  is  reported  also  in  a  concen- 
trated water  from  the  Comstock  lode  (No.  23)  and  in  water  from  the 
Stanley  mine  at  Georgetown,  Colo.  (No.  35),  and  traces  are  present 
in  waters  from  other  precious-metal  mines  (19  and  20). 

Zinc. — The  zinc  content  of  the  waters  of  15  copper  mines  averages 
140.3  parts  per  million.  The  average  of  19  samples  of  precious- 
metal  mines  is  6.7  parts  per  million.  In  the  seven  of  these  from 
which  it  is  reported  the  average  is  18.3  parts  per  million.  Some 
waters  from  mineral  deposits  of  the  Mississippi  Valley  contain  abimd- 
ant  zinc. 

Oold  and  silver. — Small  amounts  of  gold  and  silver  have  been 
detected  in  waters  from  the  Comstock  lode,^  and  gold  has  been 
determined  in  a  water  from  the  Homestake  mine,  in  South  Dakota.' 
Traces  of  both  gold  and  silver  are  present  in  waters  from  the  Granite 
vein  Montana. 

OHAHOES  nr  coMPOSiTioir  Dspsimnro  oir  depth. 

Waters  descending  from  the  surface  through  sulphide  ore  deposits 
pass  through  a  changing  chemical  environment  and  are  continually 
changing  in  chemical  composition.  In  the  oxidized  zone,  as  already 
stated,  they  are  oxidized  waters  and  acid  waters;  when  they  pass 
below  the  region  where  oxygen  is  in  excess  their  acidity  and  their 
state  of  oxidation  change.  Their  reaction  on  some  sulphides  pro- 
duces hydrogen  sulphide,  and  their  reaction  on  silicates  and  carbonates 
decreases  acidity.  Iron  is  generally  abundant  in  waters  of  pyritic 
ore  bodies,  and  the  degree  of  the  oxidation  of  the  iron  is  important 
as  an  index  to  the  state  of  oxidation  of  the  water.     Mineral  waters 


i  Held.  J.  A.,  The  structure  and  genesis  of  the  Comstock  lode:  Bull.  Dept.  Oeology  Untr.  OaUfonito* 
Yd.  4, 1006,  pp.  180, 102. 

•  ShATwood,  W.  J.,  Analyses  of  iom«  nxto  and  minerals  from  the  Homestake  mine,  Lead,  S.  Dak.:  Smb. 
Geologj,  ToL  6, 1011,  p.  742. 
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may  thus  be  divided  into  several  groups,  depending  on  the  degree 
of  their  oxidation  and  their  acidity.  Nos.  9,  10,  and  11,  from  Duck- 
town,  Tenn.,  are  samples  of  waters  containing  acid  and  ferric  sulphate. 
Samples  of  acid  and  ferrous  sulphate  water  are  represented  by  No.  7, 
from  the  Ruth  mine,  Ely,  Nov.;  Nos.  8, 12,  and  13,  from  Ducktown, 
Tenn.;  No.  35,  from  the  Stanley  mine,  Oeorgetown,  Colo.;  and  No.  32, 
from  the  RothschSnberger  Stolln,  Freiberg,  Germany. 

Of  the  37  samples  of  water  analyzed  13  or  more  carry  no  free  acid, 
and  9  of  these  are  alkaline.  The  alkaline  waters  include  two  (33,  34) 
from  the  deep  levels  of  mines  at  Creede,  Colo.,  where  they  descended 
to  depths  of  1,300  feet  or  more  before  they  issued  at  the  drain  level. 
As  would  be  supposed,  ferric  iron  is  not  present  in  any  of  the  nine 
analyses  of  alkaline  waters. 

Samples  27  and  28  are  waters  collected  by  Waldemar  Ldndgren 
from  the  400-foot  levels  in  the  Federal  Loan  and  Black  Prince  mines 
at  Nevada  City,  Cal.  As  the  temperature  of  these  waters  when  col- 
lected was  the  same  as  that  of  the  surrounding  rock,  they  come, 
presumably,  from  the  meteoric  circulation.  Both  are  alkaline  and 
both  form  yellow-brown  deposits  consistmg  principally  of  hydrated 
iron  oxide,  alumina,  and  silica.  These  waters  were  clear  when  bottled, 
but  when  opened  after  several  months  both  contained  dark-colored 
deposits  of  silica,  hydroxides,  and  sulphides.  Dr.  W.  F.  Hillebrand, 
who  made  the  analyses,  detected  no  hydrogen  sulphide  in  either 
water,  although  both  appeared  to  contain  a  little  thiosulphate. 
Sample  27  contained  metallic  sulphides  in  solution,  and  an  odor  of 
hydrogen  sulphide  was  noticeable  near  the  place  where  it  was  ob- 
tained. Sample  28  contained  no  metallic  sulphides  and  emitted  no 
noticeable  odor  of  hydrogen  sulphide.  At  least  eight  additional 
samples  (8,  9, 10, 11, 12, 13,  33,  and  34)  have  been  tested  for  hydrogen 
sulphide,  with  negative  results.  Sample  2  deposited  sulphur  and 
ferrous  sulphides. 

Although  hydrogen  sulphide  is  rare  in  mine  waters,  it  forms  when 
certain  sulphides  are  in  contact  with  acid.  When  exposed  to  the  air 
it  oxidizes  rapidly.  It  is  not  supposed  that  it  would  accumulate,  at 
least  not  in  the  zone  where  air  has  free  access  to  the  deposits,  where 
most  samples  of  mine  waters  are  taken.  On  descending  to  greater 
depths  it  would  be  used  up  according  to  the  reaction — 

Fe,  (SO^),  +  HjS  =  2FeS0,  +  S + H,SO„ 

or  it  might  be  used  up  also  in  the  precipitation  of  metallic  sulphides 
from  sulphates.  Whether  it  would  be  used  first  to  form  ferrous  sul- 
phate and  afterward  to  precipitate  metallic  sulphides  can  not  be 
shown,  but  this  order  of  action  occurs  at  least  under  some  conditions. 
Samples  8  and  9,  from  Ducktown,  Tenn.,  are  especially  iostructive 
in  this  connection,  for  No.  8  contains  much  ferrous  iron  and  no  fer- 
ric iron,  whereas  No.  9  contains  much  ferric  iron  and  only  1 .3  parts  of 
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ferrous  iron.  The  ore  through  which  sample  8  passed  before  iflsuing 
where  it  was  taken  is  more  than  90  per  cent  pyrrhotite,  which  gener- 
ates hydrogen  sulphide  rapidly.  The  ore  through  which  sample  9 
passed  contains  chiefly  chalcopyrite  and  lime  siUcates,  with  but  little 
pyrrhotite.  This  water  contains  considerable  iron,  almost  all  in  the 
ferric  state.  Since  No.  8  contains  even  more  copper  than  No.  9,  it 
would  be  supposed  that  the  ferric  sulphate  is  reduced  to  ferrous  sul- 
phate (FeS04)  before  copper  sulphide  is  precipitated,  as  in  this  water 
the  iron  is  entirely  reduced  to  the  ferrous  state  while  there  is  still  a 
considerable  amount  of  copper  in  solution.  It  is  noteworthy  that  the 
alkaline  waters  (samples  27,  28,  33,  34)  contain  appreciable  quantities 
of  carbonates,  with  lime,  potash,  and  soda.  They  carry  also  a  cer- 
tain concentration  of  sulphates.  Two  of  the  four  alkaline  waters 
from  Nevada  City,  Cal.,  and  two  from  Creede,  Colo.,  have  descended 
through  considerable  unoxidized  material.  Alkaline  waters  have  not 
received  sufficient  attention  in  studies  of  sulphide  enrichment. 

Samples  14,  15,  16,  and  17  are  from  the  Capote  mine,  at  Cananea, 
Mexico.  The  deposit  is  in  an  area  of  quartzite  and  other  rocks 
intruded  by  diorite  porphyry.  The  ore  is  in  part  of  the  disseminated 
type  and  carries  pyrite,  chalcopyrite,  and  zinc  blende,  with  second- 
ary chalcocite.  I  can  not  state  the  vertical  range  of  chalcocite  in 
this  deposit,  but  it  is  not  so  abundant  at  the  900-foot  level,  where 
sample  16  was  obtained,  as  it  is  at  the  300-foot  level,  where  sample 
14  was  obtained.  Sample  14  contains  970  parts  of  free  acid  per  mil- 
lion, whereas  the  samples  taken  at  greater  depths  contain  no  free  acid. 

The  two  pairs  of  samples  Nos.  10  and  11  and  Nos.  12  and  13  are 
from  luiused  shafts  at  Ducktown,  Tenn.  As  stated  above,  the 
samples  were  taken  by  lowering  bottles  equipped  with  asbestos 
filters  to  the  desired  depth,  then  removing  the  covers  from  the  filters 
and  allowing  the  bottles  to  fill.  The  waters  from  the  open  shafts 
are  diluted  by  a  large  proportion  of  surface  water,  so  they  are  less 
concentrated  than  mine  waters  that  have  traveled  considerable 
distances  through  the  rocks.  In  taking  samples  10  and  11  the 
water  was  disturbed,  so  that  the  analyses  of  these  samples  are  of 
less  value;  samples  12  and  13  were  taken  with  special  precautions  to 
prevent  agitation  and  show  very  well  the  difference  in  the  mineral 
content  of  the  waters  at  different  depths.  The  wa£er  from  the 
surface  (No.  12)  contains  more  than  twice  as  much  free  acid  as  the 
deeper  water.  No.  13,  taken  below  water  level,  is  more  concen- 
trated with  respect  to  silica,  calcium,  magnesium,  aluminum,  zinc, 
and  iron,  but  the  concentrations  of  potassiimfi,  sodium,  and  manga- 
nese are  closely  similar.  The  amoimt  of  copper  is  greatly  decreased. 
This  suggests  that  at  a  depth  of  37  feet  other  metals  are  being  taken 
into  solution  but  the  greater  part  of  the  copper  has  already  been 
deposited.  Although  the  deeper  water  contains  more  ferrous  iron 
and  more  ferric  iron  than  that  at  the  water  level,  the  proportion 
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of  ferric  to  ferrous  iron  has  increased  with  increase  of  depth,  showing 
just  the  reverse  of  the  conditions  expected.  It  is  thought  that 
the  increase  in  th^  proportion  of  iron  in  the  solution  with  increase 
of  depth  has  been  brought  about  by  reaction  of  acid  on  pyrrhotite 
and  also  that  ferric  iron  has  decreased  near  the  surface  by  hydro- 
lyzation.  The  filter  paper  was  colored  red  by  a  dustlike  iron  pre- 
cipitate, probably  basic  ferric  sulphate,  formed  presumably  near  the 
surface  and  held  in  suspension  in  the  water.  The  formation  of  this 
precipitate  probably  accounts  for  the  very  small  concentration  of 
ferric  iron  at  the  surface  of  the  standing  water  and  possibly  also  for 
the  somewhat  smaller  amount  of  total  sulphate  held  in  solution 
near  the  siuf ace.  This  precipitate  would  probably  not  form  so  ex- 
tensively under  conditions  affording  free  circulation. 

The  four  waters  from  Freiberg,  Germany  (samples  29,  30,  31,  32), 
agree  in  containing  considerable  zinc  and  manganese.  One  of  them 
on  standing  forms  a  deposit  consisting  chiefly  of  manganese  oxide 
and  some  zinc  oxide. 

Sample  20  is  from  the  2,000-foot  level  of  the  (Peyser  mine  at  Silver 
Cliff,  Colo.  This  water  contained  some  nitrate,  which  is  uncommon 
in  analyses  of  mine  waters. 

Several  of  these  waters  do  not  contain  a  sufficient  amoxmt  of  the 
acid  ions  to  hold  in  solution  the  metallic  portion.  If  carbon  dioxide 
was  determined  in  such  waters,  a  part  of  the  metals  must  be  dis- 
solved as  silicates  or  possibly  even  as  hydroxides. 

PBBCIPITATZ8  ntOM  MZHX  WATSB8  inn>B&  BXTPX&nOIiLL  OOHDITIOSS. 

Many  waters,  after  issuing  from  mineralized  areas,  deposit  copious 
precipitates.  In  some  mining  districts  the  streams  which  carry 
away  the  imderground  drainage  from  the  adits  have  stained  their 
beds  for  great  distances  from  the  points  of  issue.  In  certain  of 
these  areas,  as  at  Cananea,  Mexico,  and  Bingham,  Utah,  the  gravels 
above  the  present  streams  are  cemented  by  iron  oxides,  showing  that 
the  processes  of  precipitation  at  the  surface  were  operative  before 
the  mines  were  opened.  These  deposits,  formed  under  atmospheric 
pressure  and  in  the  presence  of  oxygen,  are  very  different  from  the 
deposits  of  secondary  ore  that  are  formed  at  depths  where  sulphide 
enrichment  is  assimied  to  take  place.  Few  if  any  of  them  are  work- 
able for  the  more  valuable  metals.  Nearly  all  of  them  consist 
largely  of  the  colloidal  compoimds,  such  as  the  hydrous  iron  oxides, 
hydrous  aluminum  compoimds,  and  hydrous  silica. 

Many  samples  of  waters  quickly  become  cloudy  after  they  have 
been  filtered,  either  because  of  their  filtration  in  air  or  because  of 
slight  changes  in  their  temperature;  or,  if  they  have  been  taken 
from  low  depths,  because  of  decrease  in  pressure  precipitation  takes 
place.  Two  samples  of  water  taken  from  adits  at  Creede,  Colo., 
and  filtered  in  the  presence  of  air  deposited  light-gray  precipitates, 
presiunably  compoimds  of  aluminum  and  silica.    Of  six  samples 
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collected  at  Ducktown,  Tenn.,  dl  were  likewise  clouded.  Two  of 
these  samples,  one  ta^n  37  feet  and  the  other  55  feet  below  the 
water  level,  were  filtered  under  water,  and  although  the  air  spaces 
left  in  the  necks  of  the  bottles  were  exceedingly  small  the  samples 
clouded  in  a  few  hours.  Several  samples  from  Butte,  Mont.,  deposited 
solids  before  analyses  were  made. 

The  results  of  analyses  of  four  samples  of  material  precipitated 
from  mine  waters  are  stated  in  the  table  below.  Sample  1  is  from  a 
water  in  the  Stanley  mine,  near  Georgetown,  Colo.  (No.  35  in  table 
above).  Sample  2  is  from  a  mine  in  Freiberg,  Saxony.  The  8an^>le 
was  taken  from  workings  that  had  been  flooded  135  years.  It  con- 
tained much  manganese  and  considerable  zinc.  Sample  3  is  a  slime 
collected  in  the  Federal  Loan  mine/  near  Nevada  City,  Cal.,  where 
the  water  represented  by  sample  23  of  the  table  on  page  62  issued 
from  the  wall  rock.  Of  this  analysis  Dr.  HiUebrand  makes  the  fol- 
lowing remarks:' 

The  bottle  was  filled  with  a  black  slimy  matter  emitting  a  disgufltiog  odor  of  <»gaiuc 
decomposition.  The  cork  was  forced  out  with  ease  by  imprisoned  gas,  chiefly  con- 
sisting of  CO]  and  CH4.  The  slime  was  said  to  have  been  white  when  coUected;  the 
subsequently  developed  black  color  is  due  to  iron  sulphide.  Aside  from  oiganic 
matter  and  water,  the  deposit  is  essentially  ferric  oxide  with  a  little  aiseniate,  calcium 
carbonate  with  a  little  magnesium  carbonate,  and  manganese  as  MnOj,  besides  gelati- 
nous silica  and  fragments  of  minerals. 

A  deposit  collected  by  Lindgren  in  the  drain  tunnel  of  the  Provi- 
dence mine,  near  Nevada  City,  Cal.,  when  dried,  formed  dirty  white 
masses  and  coarse  green  lumps.  An  analysis  of  some  of  the  green 
pieces  is  given  in  column  4  of  the  following  table: 

Analyses  0/  mvds  precipitated  from  mine  waters. 
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1.  Precipitate  filtered  from  water  of  Stanley  mine.  Jones,  L.  J.  W.,  Ferric  sulphate  in  mine  watars  and 
its  action  on  metals:  Proc.  Colorado  Sci.  Soo.,  vol.  6, 1900,  p.  48. 

2.  Deposit  from  a  mine  at  Freiberg,  Saxony,  taken  from  working  that  had  been  flooded  135  yean.  Con- 
tains cobalt  oxide,  1.36;  cadmium  oxide,  0.19;  lead  oxide,  3.45.  Beck,  Richard,  Lehre  von  den  Enlanr- 
Bt&tten,1901.p.  402. 

3.  A  deposit  from  water  from  Federal  Loan  mine,  near  Nerada  City,  Cal.  CaO  equals  CaCOt  end  ll)|COi; 
organic  material  calculated  with  water.  Insoluble  material  included  with  SiO|.  Lindgsen,  WaMemar, 
Tbe  gold-quarts  veins  of  Nevada  City  and  Grass  Valley  districts,  California:  Seventeenth  Ann.  RepL 
U.  S.  QeoL  Survey,  pt  2, 1886,  p.  122. 

4.  Part  of  deposit  m  drain  tunnel  of  Providence  mine,  near  Nevada  City,  OaL    Idem,  p.  123. 

I  Lindgren,  Waldemar,  The  gold^quarts  veins  of  Nevada  City  and  Orass  Valley  distriets,  OaUfomla: 
Seventeenth  Ann.  Rept  U.  8.  QeoL  Survey,  pt  2, 1896,  p.  13L 

I  Idem,  pp.  laa-ias. 
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OXIDATION  AND  SOLUTION  OF  OEBTAIN  MBTALLIO  8X7LPHIDE8. 

PACTOKS    CONOEBNBD. 

In  the  presence  of  air  the  oxidation  and  the  solution  of  the  metallic 
sulphides  take  place  simultaneously  and  it  is  difficult  if  not  impos- 
sible to  consider  the  two  processes  separately.  The  rate  of  solution 
depends  on  many  factors,  among  them  (1)  the  solubility  of  the  mate- 
rial in  water,  (2)  the  molecular  and  physical  structiure  of  the  material, 
(3)  the  solubility  of  the  salts  formed  by  oxidation,  hydration,  and 
related  processes,  (4)  the  composition,  concentration,  temperature, 
and  pressure  of  the  solutions,  (5)  the  mineral  and  chemical  environ- 
ment, (6)  the  rapidity  of  circulation,  and  (7)  the  potential  or  electro- 
motive force  of  the  mineral  compared  with  the  electromotive  force 
of  the  mineral  or  minerals  with  which  it  is  in  contact. 

It  is  noteworthy  that  the  natural  conditions  are  not  those  which 
commonly  exist  in  the  laboratory,  for  in  nature  the  solvent  is  in 
motion  and  is  therefore  bringing  new  and  generally  imsaturated 
solutions  into  contact  with  bodies  that  are  dissolving.  Thus,  if 
sufficient  time  is  afforded  even  minerals  that  in  the  laboratory  are 
most  nearly  insoluble  may  by  natiural  processes  be  completely  dis- 
solved. Even  salts  so  insoluble  as  cerargyrite  and  anglesite  may 
be  entirely  removed  from  the  outcrops  of  ores. 

The  solubilities  of  the  sulphates  that  are  formed  by  these  reactions 
are  nevertheless  important,  for,  other  conditions  being  similar,  it 
would  be  supposed  that  the  metals  that  have  the  most  soluble  sul- 
phates would  be  most  readily  dissolved.  As  shown  by  the  table 
of  solubilities,  iron,  zinc,  and  copper  have  Iiighly  soluble  sulphates, 
whereas  the  solubilities  of  the  sulphates  of  lead  and  silver  are  low. 
Although  galena  (p.  59)  is  readily  attacked  by  cold  dilute  sulphate 
solutions  it  is  nevertheless  slow  to  dissolve  in  metalliferous  deposits. 
This  fact  may  indicate  why  lead  lags  behind  iron,  copper,  and  many 
other  metals  in  its  migration  downward  in  ore  deposits. 

Pyrite  and  marcasite,  which  have  the  same  formula,  oxidize  and 
dissolve  at  different  rates,  owing,  probably,  to  a  difference  in  their 
molecular  structure.  Cellular  pyrite  will  oxidize  more  rapidly  than 
dense  pyrite. 

The  importance  of  an  oxidizing  environment  as  a  condition  for 
the  solution  of  some  metals  should  be  emphasized. 

All  the  experimental  evidence  shows  that  the  oxidation  and  solu- 
tion of  the  sulphides  in  pure  water  is  slow.  Under  natural  condi- 
tions it  may  be  accelerated  somewhat  by  carbon  dioxide,  which  is 
generally  dissolved  in  rain  water  and  forms  a  weak  acid  that  may 
start  solution.  Sulphuric  acid,  a  more  powerful  solvent,  is  released 
in  the  presence  of  iron  sulphides. 
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The  recent  work  of  Gottschalk  and  Buehler  ^  shows  that  senrend 
sulphides  in  contact  in  water  form  weak  batteries.  The  current 
flows  from  the  mineral  having  the  higher  potential  to  the  one  having 
the  lower  potential,  which  is  dissolved,  the  one  with  higher  potential 
being  to  some  extent  protected  from  solution.  These  experiments 
should  probably  be  interpreted  as  indicating  particularly  the  rela- 
tions that  exist  at  the  beginning  of  solution,  for  the  electromotive 
force  varies  with  variations  in  the  solutions,  which,  as  already  stated, 
are  continually  changing.  The  relations  considered  are  those  which 
exist  in  the  presence  of  free  air.  Under  natural  conditions  all  por- 
tions of  oxidizing  deposits  are  not  equally  accessible  to  atmos- 
pheric oxygen.  Some  sulphides  that  are  readily  dissolved  in  dilute 
acid  sulphate  in  the  presence  of  air  are  practically  insoluble  in  its 
absence.  Chalcocite,  for  example,  is  highly  stable  in  portions  of 
deposits  where  air  is  excluded,  but  in  the  presence  of  air  and  acid 
it  dissolves  very  readily.  The  solution  and  oxidation  of  the  sul- 
phides depend  on  so  many  factors  that  general  statements  can  not 
be  applied  to  all  conditions  or  combinations,  each  mineral  asso- 
ciation presenting,  in  a  sense,  a  problem  in  itself. 

RELATIVE    RATE    OF    SOLUTION    OF    SEVERAL    SULPHIDES    IN    AK 

OXIDIZING   ENVIRONMENT. 

The  following  table  shows  the  order  of  oxidation  of  some  of  the 
sulphides,  according  to  the  views  of  several  investigators.  The 
sulphides  that  are  most  readily  attacked  are  placed  highest  in  each 
series.  The  differences  that  appear  between  certain  of  the  series 
might  be  interpreted  as  indicating  differences  which  should  be  ex- 
pected imder  natural  conditions,  the  order  of  oxidation  depending  on 
the  environment. 

Order  of  oxidation  of  sulphides^  according  to  uveral  authoritie*. 
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1.  Van  Hise,  C.  R.,  Some  principles  controlling  the  deposition  of  ores:  Trans.  Am.  Inst.  Ifin.  Enc.. 
▼ol.  30.  lOOltP.  101. 

2.  Weed,  w.  H.,  The  enrichment  of  gold  and  silver  veins:  Trans.  Am.  Inst.  ICin.  Eng.,  yqI.  30, 1001. 
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As  already  stated;  the  relative  rate  of  solution  of  the  sulphides 
probably  can  not  be  expressed  in  a  hard  and  fast  series,  yet  certain  rela- 
tions hold  under  many,  probably  under  most  conditions.  Sphalerite 
is  so  readily  dissolved  by  acid  in  the  absence  of  air  that  at  many  places 
it  is  removed  even  from  primary  ores  that  are  in  a  reducing  environ- 
ment. Consequently  in  many  deposits  the  order  of  the  rate  of  solution  of 
sphalerite,  chalcocite,  ai^l  pyrrhotite  in  acid  where  oxygen  is  in  great 
excess  can  not  be  stated.  Possibly  sphalerite  should  be  placed  at  the 
head  of  the  series  shown  in  the  table;  possibly  it  should  be  placed 
between  pyrrhotite  and  chalcopyrite. 

The  relative  rate  at  which  chalcocite  and  pyrite  are  removed  where 
oxygen  is  in  excess  is  shown  by  the  relations  of  these  minerals  in 
several  deposits.  Lindgren  *  notes  that  in  the  Morenci  district  chal- 
cocite is  often  oxidized,  while  much  pyrite  remains.  At  Ducktown, 
Tenn.,  the  ** black  copper"  ores,  composed  of  pyrrhotite,  pyrite,  and 
chalcocite,  which  have  replaced  the  iron  sulphides  near  the  water  level, 
quickly  lose  their  copper  content  when  the  ores  are  exposed  to  highly 
oxygenated  waters  by  the  artificial  depression  of  the  level  of  the 
ground  water.  Solution  is  so  rapid  there  that  it  is  difficult  to  obtain 
rich  chalcocite  ores  in  mines  that  have  been  opened  below  the  water 
level  for  a  few  years.  At  Ducktown,  as  at  Morenci,  chalcocite,  where 
oxygen  is  present,  is  dissolved  more  rapidly  than  pyrite. 

The  pyrite  in  some  of  the  leached  chalcocite  ore  of  Ducktown 
remains  almost  unaffected  by  the  leaching,  its  bright  crystals  being 
distributed  through  a  dark  mass  of  sooty  black  pyrrhotite,  which  has 
been  partly  altered  and  from  which  practically  all  copper  has  been 
removed.  The  order  of  solution  indicated  appears  to  be  chalcocite, 
pyrrhotite,  pyrite. 

As  shown  by  Gottschalk  and  Buehler,  galena  oxidizes  more  readily 
than  pyrite.  The  oxidation  product,  lead  sulphate,  is  so  insoluble, 
however,  that  it  remains  to  cover  the  crystals  of  galena  and  serves  to 
delay  further  action.  Galena  remains  in  the  outcrops  of  many  sul- 
phide ore  bodies  after  iron  and  zinc  compounds  have  been  completely 
altered.  It  is  said  that  some  ore  deposits  in  the  Wisconsin  zinc  dis- 
trict were  discovered  by  farmers  who  plowed  up  crystals  of  galena. 

Enargite  also  is  an  exceedingly  persistent  mineral  in  outcrops. 
According  to  Reno  Sales '  it  is  commonly  found  in  or  near  oxidized 
ores  of  the  Butte  copper  mines,  and  it  is  said  that  at  Tintic  enargite 
remains  in  the  oxidized  ores  even  after  galena  has  been  dissolved. 
Series  5  (table  on  p.  76),  based  on  experiments  of  Vogt,  shows  the 
rate  of  attack  by  strong  solutions  of  ferric  chloride,  an  oxidizing 
agent,  on  several  sulphides.     Chalcocite  was  dissolved  quickly,  as  it  is 

1  LlndfTBD,  Waldenuur,  The  copper  deposits  of  the  Clifton-Morand  dJstriot,  Arisona:  Prof.  Vdipet  V.  S. 
Geol.  Survey  No.  43, 1906,  p.  180. 

*  Sales,  R.  H.,  DisoasBion  of  paper  bj  F.  L.  RaiMome,  on  "Criteria  of  downward  mlphide  aoriohineiit": 
Soon.  Geology,  ToL  6, 1910,  p.  on. 
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in  secondary  sulphide  zones,  where  it  is  exposed  to  solution  in  the 
presence  of  air.  Bomite  also  was  attacked  at  a  relatively  rapid  rate. 
Stokes  ^  showed  that  dilute  ferric  sulphate  attacks  chalcopyiite  more 
readily  than  pyrite.  AU  these  experiments  and  observations  seem  to 
indicate  that  in  the  zone  of  oxidation  in  many  deposits  the  sulphides 
are  dissolved  in  the  following  order:  Sphalerite (t),  chalcocite,  pynho- 
tite,  chalcopyrite,  pyrite,  gidena,  enargite.  This  series  does  not  cor- 
respond exactly  with  the  series  of  WeUs  (column  7  of  table),  which 
was  obtained  from  experiments  with  sulphuric  add  alone. 

NET  RESULTS  OF    CHEMICAL    CHANGES    DURING    OXIDATION    OF   CEBr 

TAIN  ORES. 

The  results  of  the  chemical  changes  that  take  place  during  the  oxi- 
dation of  sulphide  deposits  depend  largely  on  the  minerals  that  form 
the  deposits.  Some  gangue  minerals  disappear  completely,  others  are 
partly  dissolved,  and  some  elements  of  still  other  minerals  remain  in  the 
mass  in  new  combinations.  Not  many  sets  of  analyses  of  sulphide 
ore  and  of  corresponding  oxidized  ore  from  the  same  deposit  are  avail- 
able. The  data  for  the  deposits  of  Ducktown,  Tenn.,  are  fairly 
satisfactory.  The  gossans  of  the  copper  deposits  have  been  smelted 
for  iron,  and  average  analyses  of  thousands  of  tons  are  available  from 
furnace  records,  through  the  courtesy  of  Mr.  R.  H.  Lee  and  Mr. 
John  B.  Newton.  Yearly  averages  from  the  smelters  of  sulphide  ore 
from  the  same  deposits  are  available  through  the  courtesy  of  the 
offic^^  of  the  Tennessee  Copper  Co.  and  the  Ducktown  Copper  Sul- 
phur &  Iron  Co.  On  the  assumption  that  the  average  of  several 
specific-gravity  determinations  of  the  gossan  (2.2)  applies  to  the  entire 
mass  and  that  the  average  specific  gravity  of  the  sulphide  ore  is 
4.05,  the  following  table  has  been  prepared  to  indicate  the  nature  of 
the  change  by  which  primary  ore  becomes  gossan.  Column  la  shows 
the  percentage  weight  of  the  constituents  of  the  primary  sulphide  ore 
of  the  Mary  mine  (average  of  all  ore  smelted  in  1906).  Column  lb 
shows  its  percentage  weight  times  its  specific  gravity  (4.05)  and  may 
be  regarded  as  expressing  the  number  of  grams  in*  100  cubic  centi- 
meters of  the  primary  ore.  Column  2a  shows  the  chemical  composi- 
tion of  the  gossan  (average  of  two  large  shipments) .  Column  2b  gives 
its  percentage  weight  times  its  specific  gravity  (2.2,  corresponding 
to  39  per  cent  porosity).  Column  3  shows  the  gain  and  the  loss  of 
several  constituents.  Losses  are  shown  for  sulphur,  silica,  alumina, 
lime,  iron,  zinc,  copper;  gains  for  oxygen  and  water.  Carbon  dioxide 
and  magnesia  were  not  determined  in  the  analyses  of  gossan  but  were 
probably  almost  entirely  carried  away. 

>  stokes,  H.  N.,  On  pyrite  and  marcasite:  BulL  U.  8.  Geol.  Soirey  No.  180, 1910,  p.  33. 
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Chemical  changes  by  oxidaUon  procuui  at  Ducktownf  Tenn, 
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•  HiO  and  O  are  estimated,  on  the  assumption  that  the  Fe  Is  In  llmonlte. 

Mineralogically  the  primary  ore  consists  of  pyrrhotite,  pyrite, 
chalcopyrite,  sphalerite,  actinolite,  calcite,  tremolite,  quartz,  py- 
roxene, garnet,  zoisite,  chlorite,  and  micas.  Small  quantities  of 
bomite,  specularite,  and  magnetite  are  present  and  at  some  places 
graphite,  titanite,  and  feldspars.  The  following  is  a  close  approxi- 
mation to  the  mineral  composition  of  the  unoxidized  ore: 

Comporition  of  primary  ore  at  DtuMown,  Tenn. 

Pyrrhotite 88.6 

Pyrite 5.1 

Chalcopyrite 7. 1 

Sphalerite 4. 2 

Quartz 10.3 

Galcite 6. 0 

Garnet 3.0 

Amphiboles,  pyroxene,  zoisite,  etc 25. 8 

100.0 

Oxidation  has  changed  this  ore  into  a  gossan  consisting  essentially 
of  limonite  with  a  little  silica  and  kaolin,  carrying  a  fraction  of  1  per 
cent  of  copper  and  sulphur. 

The  table  on  page  80  shows  the  results  of  an  analysis  of  rich  concen- 
trates of  sulphide  ore  from  the  Montana  Tonopah  mine,  Tonopah,  Nov., 
and  an  analysis  of  rich  oxidized  ore  from  the  Valley  View  vein  of  the 
same  district.  The  principal  primary  minerals  in  this  district,  accord- 
ing to  Spurr,^  are  quartz,  carbonates,  adularia,  some  sericite,  and  sul- 
phides of  silver,  antimony,  copper,  iron,  lead,  and  zinc.  Limonite, 
wad,  and  horn  silver  are  deposited  in  the  oxidized  zone,  with  some 
silver  bromide,  silver  iodide,  and  free  gold. 

>  Spair,  J.  E.,  Oetdogy  of  the  Tonopah  mining  district,  Nevada:  VnL  Paper  U.  8.  GeoL  Snrray  No.  42; 
1906,p.90. 
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1.  Conoentrates  of  primary  sulphide  ore  from  Montaom  Tonopah  mine. 

2.  Oxidiied  ore  from  Valley  View  vein. 

Discussing  the  composition  of  the  primary  and  secondary  ores 
shown  by  the  analyses,  Spurr  ^  says: 

Aside  from  the  complex  carfoonate  of  lime,  mangBneee,  mag:ne8]a,  and  iron,  the 
analysis  of  the  primary  sulphide  ore  indicates  the  presence  of  a  laige  amount  of  silver 
sulphide — aigentite.  Antimonial  sulphides  of  silver,  polybasite,  very  likely  steph- 
anite,  and  smaller  amounts  of  galena,  blende,  pyrite,  and  chalcopyrite  are  also 
indicated.  Of  very  great  interest  is  the  presence  of  a  considerable  amount  of  selenium, 
which  occurs,  in  part  at  least,  as  a  silver  selenide,  and  the  absence  of  its  usually  closely 
associated  element  tellurium.    The  chemical  form  of  the  gold  is  yet  uncertain. 

It  is  kir  to  assume  that  the  oxidized  ore  in  its  primary  sulphide  state  may  have 
had  a  composition  somewhere  relatively  near  that  of  the  primary  sulphide  analjrzed. 
The  two  analyses  may  then  be  compared  with  the  object  of  perceiving  the  changee 
effected  by  oxidation.  There  is  no  element  which  can  be  considered  as  having 
remained  quantitatively  unaffected  during  oxidation,  so  that  merely  the  large  rela- 
tions can  be  glanced  at.  All  the  metals  except  silver  and  peihaps  gold  are  present 
in  the  oxidized  ore  in  much  diminished  proportions.  The  lead,  copper,  and  zinc  are 
present  in  small  quantities.  The  manganese  is  now  in  the  form  of  oxide,  but  very 
little  remains;  the  iron  is  in  the  form  of  oxide,  with  some  residual  or  secondary  pyrite. 
There  is  much  less  gold  in  proportion  to  silver  in  the  oxidized  ore  than  in  the  sulphide 
ore;  but  this  may  be  fortuitous  and  depend  on  the  specimen  selected.  More  than 
half  the  silver  is  in  the  form  of  sulphide,  and  from  the  very  small  quantity  of  arsenic 
and  antimony  present  this  portion  must  be  nearly  all  in  the  form  of  aigentite.  The 
antimonial  silver  sulphide  is  very  probably  pyrargyrite  (ruby  silver),  judging  from 
microscopic  observations.  It  is  noteworthy  that  antimony  and  arsenic  are  present 
in  the  same  proportions  to  one  another  in  both  analyses.  There  is  less  than  a  third 
as  much  selenium  in  the  oxidized  ore  as  in  the  sulphide  ore,  but  the  discrepancy  is 
not  so  great  as  in  the  case  of  lead,  copper,  manganese,  zinc,  arsenic,  and  antimony; 
and  this  selenium  seems  to  be  still  in  the  form  of  a  silver  selenide. 

Therefore  it  is  probable  that  during  the  process  of  oxidation  the  primary  carbonates 
were  attacked  by  surface  waters  and  the  lime  and  magnesia,  together  with  most  of 
the  iron  and  manganese,  removed  in  solution.  Some  of  the  iron  and  manganese 
remain  as  oxides.  No  important  change  in  the  amount  of  gold  and  silver  is  proved. 
The  aigentite  has  largely  remained  unaltered,  but  the  polybasite  (and  stephanite  if 


I  Spnrr,  J.  B.,  op.  cit.,  pp.  02-03. 
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present)  has  probably  been  attacked,  and  much  of  the  silver  selenide.  Fkut  of  this 
silver  has  been  reprecipitated  with  little  change  of  position  as  secondary  aigentite, 
not  distinguishable  from  the  primary  aigentite,  while  a  laige  portion  has  been  altered 
to  chloride  by  the  action  of  chlorine  contained  in  the  shallow  undeiground  waters. 
Most  of  the  arsenic  and  antimony  in  the  original  polybasite  and  stephanite  has  been 
removed  in  solution;  the  rest  goes  to  form  the  secondary  sulphide  pyraigyrite,  as  indi- 
cated by  numerous  field  observations.  The  pyrite  and  the  chalcopyrite  have  been 
attacked.  Most  of  the  iron  in  these  sulphides  has  been  removed;  a  small  part  remains 
as  oxide,  or  rarely  as  residual  or  secondary  pyrite.  Nearly  all  the  copper  has  been 
removed,  a  little  remaining  in  the  probable  form  of  oxide. 

At  Cripple  Creek,  as  noted  by  Ldndgren  and  Ransome,*  the  original 
vein  structure  is  destroyed  by  thorough  oxidizing  decomposition. 
In  some  sheeted  lodes  having  many  small  parallel  fissures  and  joints 
these  openings  become  closed  or  effaced  and  the  lode  appears  as  a 
homogeneous  brown,  soft  mass.  In  other  places  a  central  seam  is 
retained  and  appears  as  a  streak  of  soft,  more  or  less  impure  kaolin; 
in  still  other  places  a  central  seam  is  filled  with  white  compact  alunite, 
more  rarely  by  jasperoid  or  opaline  silica.  Crusts  of  comb  quartz, 
if  originally  present,  lie  included  in  the  clayey  seams,  but  neither  the 
original  fluorite  nor  the  carbonates  are  ordinarily  preserved.  Very 
rich  oxidized  ore  fills  the  central  cavities  of  some  lodes  like  a  thick 
brown  mud  and  easily  flows  out  when  the  vein  is  opened. 

These  writers  say: ' 

In  general  oxidation  tends  to  transform  sulphides,  sulphoealts,  and  tellurides  to 
oxygen  salts  and  native  metals,  both  of  which  may,  under  certain  circumstances,  be 
further  changed  or  carried  away  by  surface  waters.  The  silicates  in  the  veins  are 
changed  to  a  few  minerals  most  stable  under  atmospheric  influences — ^that  is,  kaolin, 
quartz,  manganese  dioxide,  and  limonite.  The  carbonates  of  the  earthy  metals  are 
carried  away  in  solution,  while  those  of  manganese  and  iron  are  changed  to  oxides. 
As  waters  of  acid  reaction,  frequently  containing  free  sulphuric  acid,  prevail  during 
oxidation  of  vein  deposits,  original  quartz  will  not  be  attacked.  New  silica,  gen- 
erally hydiated,  may  be  deposited  by  solutions  derived  from  the  decomposition  of 
the  silicates. 

The  processes  are  more  difficult  to  follow  and  to  establish  by  means  of  analyses 
than  those  due  to  primary  vein  formation,  for  it  seems  to  be  a  characteristic  feature 
of  oxidation  to  s^;regate  the  new  minerals  in  laiger  masses  and  thus  produce  a  less 
homogeneous  product;  this  is  no  doubt  due  to  the  energetic  action  of  oxygen  and  of 
the  acids  set  free,  as  well  as  to  the  increasing  mobility  of  substance  near  the  surface. 
Oxidation  tends  to  thorough  change  of  composition  and  also  to  obliteration  of  structure 
of  the  original  rock  or  vein. 

Of  the  metallic  minerals  the  tellurides  form  the  most  important  division.  The 
bond  between  the  tellurium  and  the  gold  is  not  a  strong  one,  and  direct  oxidation 
very  easily  produces  residual  peeudomorphs  of  free  gold  and  tellurium  dioxide  (the 
mineral  tellurite),  which  in  presence  of  iron  oxides  easily  changes  to  various  tellurites 
such  as  the  yellowish-green  emmonsite.  In  the  Bonanza  King  lode  of  the  Midget 
mine  occur  veinlets  of  pyrite  with  tellurides.    Within  30  or  40  feet  of  the  surface 

I  Lindgren,  Waldemar,  and  Ranaome,  F.  L.,  Q«ok>gy  and  gold  deposits  of  tlie  Cripple  Gteek  district^ 
Colorado:  Prof.  Paper  XT.  8.  Oeol.  Survey  No.  U,  19O6,p.lfl0. 
*  Idem,  pp.  199-200. 
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oxidfttion  has  changed  the  telluridee  to  flfpecks  oi  native  gold«  while  nriite  ranaaini 
practically  unaltered.  The  teUnrides  in  fisBiires  and  jointi,  niiidi  tern  tiie  most 
comman  mode  of  occmreoDce,  will  be  most  easily  oxidized,  while  tiioeB  niviigyji^  n 
metasomatic  products  in  the  rocks  aie  not  so  readily  readied  by  tiie  eiiifaoe 


Galena  and  zinc  blende  change  to  lead  sulphate  and  zmc  sQicate, 
which  may  remain  or  even  be  somewhat  concentrated  in  the  altered 
mass.  Molybdenite  oxidizes  very  readily  to  yellow  and  blue  molyb- 
dite  and  ikemannite,  products  that  do  not  seem  to  be  easity  carried 
away.  Tetrahedrite  yields  various  forms  of  oxidized  copper  com- 
pounds which,  as  usual,  show  considerable  mobiUfy.  No  oxidized 
products  containing  antimony  have  been  recognized.  The  fluorite  on 
exposure  to  oxidation  loses  its  deep-purple  color  and  becomes  disin- 
tegrated.   Eventually  a  part  of  it  is  dissolved  in  surface  waters. 

The  following  table  shows  the  results  of  analyses  of  unoxidized  ore 
from  the  Moose  mine  (column  1)  and  the  oxidized  portion  of  the 
same  specimen  (column  2).  The  specimens  were  analyzed  by  F.  C. 
Knight  and  have  been  described  by  Richard  Pearce.^  Ocdunrn  3 
shows  an  analysis  by  W.  F.  Hillebrand  of  whoUy  oxidized  ore  from 
the  lOO-foot  level  of  Stratton's  Independence  mine. 

Analysii  of  fresh  and  oxidized  oreifrom  Cripple  Creek^  Colo. 
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.48 

9.96 
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.08 
.18 
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'96.4206 


a  Both  Fe«0|  and  FoO  present, 
ft  Both  MnOt  and  MnO  present 
c  By  difference. 


d  Possibly  high. 

'The  difference  is  largely  made  up  of  combined  w»ter. 


Of  these  analyses  Lindgren  and  Ransome '  say: 

From  the  analyses  and  from  what  is  known  about  the  normal  composition  of  un- 
oxidized ore  the  following  conclusions  may  be  drawn,  although  it  is  of  course  realized 
that  much  more  analytical  work  would  be  necessary  for  an  exhaustive  treatment  of 
this  difficult  subject. 

i  Pearoe,  Richard,  Further  notes  on  Cripple  Creek  ores:  Proo.  Colorado  Sd.  800.,  vol.  6,  ia96,i»p.ll-18. 
*  Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Oeology  and  gold  deposits  of  the  Cdppto  OnA  dtstrieC^ 
Colorado:  Prof.  Paper  U.  8.  OeoL  Snrvey  No.  64, 1906,  pp.  2(a-a08. 
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During  oxidation  the  percentage  of  silica  decreases  moderately,  probably  by  solu- 
tion of  silica  set  free  during  the  decomposition  of  silicates.  Alumina  remains  fairly 
constant,  though  it  may  locally  concentrate  to  pure  kaolin.  The  iron  is  apt  to  locally 
increase  by  concentration  as  limonite,  though  a  part  will  be  carried  away  as  sulphate. 
Small  amounts  of  lime  and  magnesia  are  probably  leached  from  the  rock,  but  the  quan- 
tity is  not  greatly  changed.  Manganese  id  greatly  concentrated,  locally,  on  the  seams 
of  the  rock.  As  to  alkalies,  the  accumulation  of  potassium  begun  during  the  vein-form- 
ing process  is  continued  or  at  least  maintained  during  oxidation.  Pyrite  is  converted 
into  sulphuric  acid  and  sulphates,  and  the  percentage  of  sulphur  is  greatly  decreased 
in  the  oxidized  ore.  Part  of  it  remains  as  sulphate,  but  as  there  appears  to  have 
been  no  corresponding  decrease  of  the  bases  it  would  seem  likely  that  a  considerable 
part  of  it  was  carried  away  as  free  acid.  Little  change  is  noted  in  the  titanium,  while 
phosphoric  acid  and  zinc  appear  to  have  increased.  The  small  quantities  of  other 
metals  do  not  seem  to  differ  notably  from  those  observed  in  fresh  vein  material.  An 
increase  of  water  to  3  or  5  per  cent  is  a  natural  consequence  of  the  formation  of  kaolin 
and  other  hydrated  salts;  locally  it  may  increase  up  to  14  per  cent,  which  is  the  amount 
contained  in  pure  kaolin. 

Silver  and  tellurium  are  removed  by  oxidation,  but  in  general  gold 
has  remained.  It  is  not  easy  to  demonstrate  whether  a  sUght  en- 
richment has  taken  place  or  not.  lindgren  and  Ransome  incline 
to  the  beUef  that  the  oxidized  ores  as  a  whole  are  somewhat  richer 
than  the  corresponding  telluride  ore,  but  this  difference  may  depend 
on  the  original  unequal  distribution  of  the  gold. 

RELATIVE  RATE  OF  SOLUTION  OF  SEVERAL  SULPHIDES  IN  A  REDUCING 

ENVIRONMENT. 

When  oxygen  is  present  the  process  of  solution  is  so  intimately 
related  to  that  of  oxidation  that  their  results  can  not  be  considered 
separately.  The  experiments  of  Wells  on  the  solution  of  pyrrhotite, 
sphalerite,  galena,  chalcopyrite,  and  pyrite  in  dilute  sulphuric  acid 
were  made  in  stoppered  t^t  tubes,  and  although  no  special  precau- 
tion was  taken  to  exclude  atmospheric  air,  yet  the  excess  of  hydrogen 
sulphide  generated  in  at  least  three  of  the  experiments  indicates  a 
reducing  environment.  The  minerals  were  attacked  in  the  following 
order,  determined  by  the  amount  of  hydrogen  sulphide  generated 
from  the  three  first  named:  Pyrrhotite,  sphalerite,  galena,  chal- 
copyrite, and  pyrite.  This  series  does  not  agree  closely  with  any  of 
the  others  named  above.  Possibly  the  electric  currents  that  may  be 
generated  when  two  of  the  minerals  are  in  contact  would  modify  the 
rate  of  solution,  but  it  should  not  be  supposed  that  the  series  obtained 
under  reducing  conditions  in  acid  would  be  identical  with  the  series 
obtained  by  Grottschalk  and  Buehler  in  distilled  water  with  free 
access  of  air. 

The  series  obtained  from  Wells's  experiments  may  not  apply  every- 
where, but  geologic  evidence  indicates  that  it  applies  to  some 
deposits.    Thus,  in  the  Morenci  district,  according  to  Lindgren,^  the 

1  Lindgran,  Waldemar,  The  copper  deposits  of  the  CUfton-Moreiid  distzlot,  Aiisona:  Prof.  Paper  U.  8. 
Oeol.  Sunrey  No.  43, 1906,  p.  188.  '  • 
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solutions  that  deposit  chalcocite  in  the  secondary  sulphide  zone 
appear  not  to  attack  pyrite  as  long  as  zinc  blende  is  present.  Pyrrho- 
tite  also  is  attacked  more  readily  than  pyrite  in  the  chalcocite  zone 
at  Ducktown,  Tenn.  In  some  ore  the  pyrrhotite  has  been  reduced  to 
a  powdery  mass  while  pyrite  remains  fresh  and  untarnished. 


METASOMATIC   REPLACEMENT  OF  PRIMABY  SULPHIDES  BY    SECONDARY 
SULPHIDES  AND  RELATIONS  INDICATED  BY  SCHUERMANN's  SERIES. 

As  already  stated,  the  series  of  Schuermann  does  not  agree  exactly 
with  the  solubilities  of  all  the  sulphides  involved;  but  if  compara- 
tively xmimportant  metals,  such  as  arsenic,  antimony,  cobalt,  and 
bismuth,  are  eliminated  the  series  is  almost  the  same  as  that  indicated 
by  the  molar  solubilities  of  the  sulphides  as  determined  by  WeigeL 
The  positions  of  zinc  sulphide  and  iron  sulphide  are  reversed,  but 
according  to  Weigel  the  molar  solubilities  of  these  are  almost  the 
same.  As  Schuermann  himself  observed,  the  farther  apart  in  the 
series  any  two  sulphides  are  the  more  nearly  complete  is  the  replace- 
ment. 

In  the  processes  of  sulphide  enrichment  the  primary  sulphides  are 
commonly  replaced  pseudomorphously  by  the  secondary  sulphides. 
Eliminating  the  relatively  unimportant  sulphides,  such  as  those  of 
cadmium  and  bismuth,  and  the  sulphides  of  arsenic  and  antimony, 
which  generally  enter  into  composition  with  more  than  one  other 
element  to  make  the  more  complex  secondary  minerals,  Schuer- 
mann's  series  (and  Weigel's  series,  except  zinc  sulphide)  is  as  foUows: 
Mercury,  silver,  copper,  lead,  zinc,  iron.  In  the  table  below,  for  con- 
venience in  inspection,  the  metals  are  placed  in  order  of  increasing 
solubilities  of  their  sulphides  in  water,  the  more  soluble  sulphides 
being  placed  to  the  right  of  and  below  the  less  soluble  ones. 

MetoBOfmatic  replacement  ofteveral  nUphtdes, 
[In  the  order  of  Schnermaim's  series.] 


Mercury. 

Silver. 

Copper. 

Lead. 

Zinc. 

Iron. 

Ifercory. 

Silver. 
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Lead. 
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Zinc 
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Iron. 
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According  to  Schuermann's  series  it  might  be  supposed  that  mercury 
sulphide  would  replace  the  sulphides  of  silver,  copper,  lead,  zinc,  and 
iron;  that  silver  sulphide  would  replace  the  sulphides  of  copper,  lead, 
zinc,  and  iron;  that  copper  sulphide  would  replace  the  sulphides  of 
lead,  zinc,  and  iron;  and  so  on. 

The  search  for  well-authenticated  examples  to  fill  in  the  several 
blocks  in  the  table  has  been  only  partly  successful.  It  would  hardly 
be  supposed  that  mercury  sulphide  would  replace  extensively  the  more 
soluble  sulphides  of  other  metals,  for  the  solutions  that  transport  the 
metals  are,  as  already  stated,  sulphate  solutions,  and  mercxuy  sulphate 
has  exceedingly  low  solubiUty.  Moreover,  mercxuy  is  driven  out  of 
combination  by  several  metals  and  tends  to  form  the  native  metal 
and  the  chloride.  Secondary  cinnabar  is  not  unknown,  however,  in 
the  oxidized  zone.  Silver  dissolves  in  dilute  sulphiuic  acid  solu- 
tions in  the  presence  of  ferric  sulphate,  and  at  depth  its  sulphide  is 
precipitated  on  those  of  lead,  zinc,  and  iron.  Ilintze  ^  mentions 
pseudomorphs  of  argentite  after  proustite,  stephanite,  and  pyrargy- 
rite,  but  no  examples  of  pseudomorphs  of  argentite  after  sphalerite, 
galena,  or  pyrite  are  available.  The  occurrences  of  secondary  ai^en- 
tite  are  generally  described  as  incrustations  on  the  primary  sulphides 
or  as  veinlets  cutting  them.  Secondary  chalcocite  frequently  con- 
tains silver  which  is  disseminated  through  and  doubtless  contempo- 
raneous with  the  copper  sulphide,  but  the  nature  of  the  silver  mineral 
is  uncertain.  The  precipitation  of  silver  sulphide  at  the  expense  of 
sphalerite  has  recently  been  emphasized  by  Irving  and  Bancroft' 
in  their  discussion  of  secondary  processes  of  enrichment  of  silver  ores 
at  Lake  City,  Colo.  In  view  of  the  fact  that  copper  sulphide  is 
highly  stable  in  acid  solutions  in  the  absence  of  an  oxidizing  agent 
it  is  not  remarkable  that  the  replacement  of  copper  sulphides  by 
silver  sulphides  is  not  common  in  the  deeper  zones. 

Copper  is  much  more  abundant  in  its  deposits  than  silver  and  the 
nature  of  its  changes  are  more  easily  recognized.  Long  ago  it  was 
pointed  out  by  Genth  •  that  copper  sulphide  replaces  galena  in  depos- 
its at  Ducktown,  Tenn.,  and  B.  S.  Butler  found  examples  of  covel- 
lite  replacing  galena  in  the  San  Francisco  district;  Utah.  As  stated 
above,  Lindgren  has  shown  that  copper  sulphide  replaces  sphalerite 
at  Morenci,  and  Butler  found  exceptionally  dear  examples  of  the 
replacement  of  zinc  sulphide  by  covelUte  in  the  San  Francisco  district. 
It  is  said  that  copper  sulphide  replaces  sphalerite  at  Butte,  Mont., 
and  without  much  doubt  similar  replacement  is  common  in  many 
mineral  deposits.     Examples  of  the  pseudomorphous  replacement 

1  Hintze,  Carl,  Handbuch  der  Mfaieralogie,  toI.  1,  p.  442. 

>  Irving,  J.  D.,  and  Bancroft,  Howland.  Otology  and  ore  depoBits  near  Lake  City,  Oolo.:   Bull.  U.  S. 
QeoL  Survey  No.  478,  1011,  pp.  64-66. 
*  Genthy  F.  A.,  CoDtributkms  to  mineralogy:  Am.  Joor.  Set.,  2d  aer.,  voL  88, 1862,  p.  194. 
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of  pyrlte  by  copper  sulphide  are  well  established  and  nmaerous,  this 
method  being  the  most  common  mode  of  origin  of  secondary  copper 
sulphide  ores.  Some  examples  are  enumerated  on  page  104.  Al- 
though there  are  well-authenticated  examples  of  sulphide  eniicbment 
of  lead  deposits,  the  pseudomorphs  of  galena  after  zinc  and  iron 
sulphides  are  not  common.  Hintze  ^  notes  one  replacement  pseudo- 
morphous  after  sphalerite  and  one  after  arsenopyrite.  Statements 
are  made  that  lead  has  driven  iron  or  zinc  out  of  its  sulphide  com- 
binations, but  lode  ores  afford  surprisingly  few  examples  of  pseudo- 
morphous  replacements  of  sphalerite  or  pyrite.  Possibly  the  strong 
tendency  of  galena  to  assume  its  own  crystal  form  has  obscured  its 
pseudomorphic  replacement  of  other  minerals. 

It  has  frequently  been  stated  that  zinc  sulphide  has  been  precipi- 
tated at  the  expense  of  iron  sulphide  and  that  zinc  has  driven  iron 
out  of  its  sulphide  combination,  but  no  examples  of  the  pseudomor- 
phous  replacement  of  pyrite  or  marcasite  by  zinc  blende  are  available. 
On  the  other  hand  Hintze '  notes  a  pseudomorph  of  marcasite  after 
zinc  blende. 

It  would  not  be  supposed  that  under  the  usual  conditions  of  con- 
centration in  the  secondary  sulphide  zone  a  sulphide  that  appears  to 
the  right  of  the  serrate  line  in  the  table  on  page  84  would  replace  one 
to  the  left  of  it  on  the  same  line.  Thus  the  copper  sulphides  would 
not  be  replaced  by  lead  sulphide  or  zinc  sulphide,  and  so  on.  Some 
examples,  however,  do  not  agree  with  the  relations  indicated  in  this 
series,*  for  there  are  pseudomorphs  of  pyrite  after  chalcopyrite,  arseno- 
pyrite, argentite,  stephanite,  polybasite,  ruby  silver,  and  tetrahedrite, 
aDd  pseudomorphs  of  marcasite  after  pyrrhotite,  pyrite,  galena, 
argentite,  stembergite,  stephanite,  polybasite,  miargyrite,  boumonite, 
chalcopyrite,  zinc  blende,  and  other  minerals. 

The  conditions  that  exist  where  the  pseudomorphs  are  formed  at 
the  expense  of  the  less  soluble  sulphide  can  not  be  stated.  It  would  not 
be  supposed  that  in  cold  acid  solutions,  under  conditions  that  prevail 
in  secondary  sulphide  zones  the  more  soluble  sulphides  would  be 
fixed  at  the  expense  of  less  soluble  sulphides  unless  the  metal  entering 
into  the  composition  of  the  more  soluble  sulphide  were  present  in  very 
high  concentration.  Probably  some  of  the  pseudomorphs  mentioned 
above  were  formed  in  alkaline  solutions  or  possibly  at  high  tempera- 
tures, and  the  effect  of  increased  temperature  on  the  solubilities  of 
the  sulphides  is  unknown.  It  should  be  noted,  however,  that  the 
secondary  replacements  that  are  clearly  of  great  economic  significance 
are  such  as  would  be  expected  from  the  relations  indicated  by  the 
Schuermann  series. 

1  Hintze,  Carl,  Handbuch  der  Mineralogie,  voL  1,  p.  481. 

■  Idem,  p.  820. 

•  Idem,  pp.  722  and  821. 
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The  acid  sulphate  solutions  that  carry  the  metals  downward  from 
the  oxidized  zone  to  a  reducing  environment  can  not  be  regarded  as 
an  adequate  source  of  sulphur  for  the  secondary  sulphides.  Sulphides 
are  almost  unknown  in  mine  waters,  and  in  the  presence  of  air  hydro- 
gen sulphide  or  any  dissolved  metallic  sulphide  would  be  oxidized  to 
sulphate.  In  only  two  of  the  37  analyses  on  pages  60-63  is  sulphur 
reported — about  1  part  per  million  in  the  alkaline  water  of  the  Federal 
Loan  mine,  Nevada  City,  Cal.  (No.  27),  and  in  an  alkaline  water  from 
Butte,  Mont.  (No.  2).  Traces  of  thiosulphate,  probably  due  to  oxi- 
dation after  bottling,  were  noted  in  Nevada  City  samples  (27,  28) . 
Both  of  these  were  samples  of  alkaline  solutions  obtained  from 
reducing  environment. 

The  sulphate  radicle,  once  formed,  is  exceedingly  stable.  It  may  be 
broken  up  by  heat,  but  probably  not  at  temperatures  that  exist  under 
conditions  of  superficial  alteration.  Certam  bacteria  break  up 
gypsum  and  other  stable  sulphates  and  liberate  hydrogen  sulphide, 
but  these  bacteria  can  hardly  be  regarded  as  an  important  agency  for 
the  generation  of  hydrogen  sulphide,  for  it  is  doubtful  whether  they 
could  survive  the  presence  of  copper  and  other  salts,  which  most  of 
these  underground  mineral  waters  carry.  It  is  said  that  carbon  may 
reduce  the  sulphate  radicle  to  sulphide,  but  this  statement  has  not 
been  confirmed  experimentally.  Organic  material,  though  it  has 
been  recognized  in  some  mine  waters,  is  not  reported  in  many  of  the 
samples  that  were  taken  in  glass-stoppered  bottles  and  could  have 
little  or  no  part  in  the  concentration  of  most  lode  ores.  The  only 
apparent  adequate  source  of  the  sulphur  that  combines  with  the 
metals  to  form  the  secondary  sulphides  lies  in  the  older  sulphides. 
Where  these  sulphides  are  replaced  pseudomorphously  by  secondary 
sulphides  the  sulphur  has  evidently  remained  in  place,  and  in  general 
the  pseudomorphous  replacements  are  attended  by  loss  rather  than  by 
gain  of  sulphur. 

As  already  stated,  some  of  the  secondary  sulphide  ore  is  found  in 
cracks  that  cut  the  older  sulphides.  In  some  of  these  cracks  the 
secondary  minerals  have  replaced  an  older  veinlet  of  sulphide  ore, 
but  in  others  the  ore  has  clearly  been  deposited  in  an  open  space, 
which  indicates  that  both  the  metal  and  the  sulphur  that  enter  into 
combination  to  form  the  secondary  sulphide  have  migrated  to  the  point 
of  deposition.  In  some  districts  even  secondary  chalcocite  is  known 
to  form  veinlets  in  the  older  sulphide  ore,  one  of  the  best  examples 
being  afforded  by  deposits  of  the  Virgilina  district.  North  Carolina, 
reviewed  on  page  107.  These  relations,  indicating  a  transfer  of  sulphur 
in  some  unoxidized  form,  together  with  experimental  evidence  showing 
that  dilute  acid  in  contact  with  several  primary  sulphides  will  generate 
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hydrogen  sulphide,  strongly  suggest  hydrogen  sulphide  or  alkaline 
sulphides  as  agents  precipitating  some  secondary  sulphides.  In  view 
of  the  fact  that  sulphur  compounds  other  than  sulphates  are  prac- 
tically unknown  in  mine  waters,  this  conclusion  might  be  questioned, 
but  it  should  be  recalled  that  of  the  samples  avidlable  aJl  but  two 
were  taken  in  the  presence  of  air  and  that  these  two  and  many  others 
contain  ferric  sulphate,  which  readily  decomposes  hydrogen  sulphide. 
Hydrogen  sulphide  is  used  up  in  many  ways,  so  it  is  not  surprising 
that  it  does  not  accumulate  in  the  zones  of  alteration. 

PBOCBSSES  OF  SXTLPHIDE  ENBICHMENT  COMPARED  WITH  THE 
PROCESS  EMPLOYED  FOB  SEPABATINO  TOE  METALS  IN  QXTAL- 
ITATIVE  CHEMICAL  ANALYSIS. 

Although  it  has  not  been  shown  that  hydrogen  sulphide  is  actually 
generated  by  bringing  acid  sulphate  into  contact  with  pyrite  or 
chalcopyrite,  or  that  it  is  an  intermediate  product  in  processes  of 
metasomatic  replacement,  yet  Wells's  experiments  for  producing 
hydrogen  sulphide  (p.  59)  clearly  indicate  the  power  of  various  sul- 
phides to  reduce  some  solutions  or  to  precipitate  sulphides  from 
soluble  salts.  Without  much  doubt  the  same  laws  of  chemical 
equilibrium  apply  to  both  processes,  for  the  mineral  that  evolves 
hydrogen  sulphide  most  easily  will  precipitate  a  secondary  metallic 
sulphide  most  readily  and  will  reduce  acid  solutions  of  reducible 
salts  most  readily. 

The  method  commonly  employed  in  qualitative  analysis  for  sepa- 
rating the  metals  is  as  follows:  The  solution  of  the  metals  is  made 
acid  with  hydrochloric  acid,  which  precipitates  silver,  lead,  and  univa- 
lent mercury  as  chlorides.  Hydrogen  sulphide  is  passed  into  the  acid 
solution  and  precipitates  sulphides  of  lead,  bismuth,  copper,  arsenic, 
antimony,  tin,  and  bivalent  mercury.  The  filtrate  is  made  alka- 
hne,  generally  with  ammonium  hydroxide,  and  then  ammonium  sul- 
phide is  added,  which  precipitates  the  sulphides  of  iron,  manganese, 
nickel,  cobalt,  and  zinc,  also  aluminum  hydroxide.  A  review  of  this 
procedure  may  throw  light  on  some  of  the  natural  processes  of  altera- 
tion and  sulphide  enriclmient.  Mine  waters  in  the  oxidized  zone — 
the  zone  of  solution — are  acid  and  generally  contain  some  chlorides. 
Silver  chloride  (cerargyrite),  mercurous  chloride  (calomel),  or  lead 
chloride  or  clilorophosphate  (pyromorphite)  may  be  fixed  in  the 
oxidized  zones  of  deposits  carrying  the  metals  indicated,  but  as 
chlorides  are  in  general  not  abundant  in  mine  waters,  and  as  the 
chlorides  named  above  are  themselves  somewhat  soluble,  some  of  the 
silver,  lead,  or  mercury  may  be  carried  downward  by  the  acid  sul- 
phate solutions.  Hydrogen  sulphide,  which,  as  already  stated,  is 
generated  by  the  action  of  dilute  acid  sulphate  waters  on  some  sul- 
phides, will  precipitate  from  acid  solutions  arsenic,  antimony,  tin, 
bismuth,  copper,  cadmiimi,  mercury,   lead,  silver,  and  gold.    These 
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metals  may  therefore  be  precipitated  as  sulphides  before  the  solution 
has  become  less  add.  Thus  the  sulphides  of  copper,  lead,  and  silver, 
for  example,  may  be  formed  at  or  near  the  water  level,  or,  in  the 
absence  of  a  water  level,  in  the  upper  part  of  the  zone  of  reduction. 
As  the  solutions  descend  they  tend  to  become  neutral  and  ulti- 
mately alkaline.  When  the  solutions  have  lost  acidity,  sulphides  of 
zinc,  iron,  and  some  other  metals  may  be  precipitated. 

The  analogy  of  the  process  of  separation  employed  in  qualitative 
analysis  is  not  complete,  however,  for  sulphide  enrichment  takes 
place  in  moving  solutions  and  in  solutions  probably  more  dilute;  the 
changes  from  acid  solutions  to  neutral  or  alkaline  solutions  are 
gradual,  especially  in  deposits  not  containing  minerals  that  react 
readily  with  the  solutions,  like  soluble  carbonates  and  pyrrhotite. 

Another  relation  should  be  emphasized:  Although  zinc  sulphide  is 
not  precipitated  by  hydrogen  sulphide  in  the  moderately  acid  solution 
used  in  the  laboratory,  it  is  precipitated  in  solutions  of  very  feeble 
acidity.  Thus  zinc  sulphide  may  be  precipitated  from  a  solution  of 
acetic  acid.  Iron  sulphide  is  less  readily  precipitated  in  acid  than 
zinc  sulphide.  There  is  not  much  geologic  evidence  that  either 
iron  or  zinc  sulphide  is  precipitated  extensively  from  cold  descend- 
ing acid  sulphate  solutions  which  traverse  lode  ores  in  igneous  or 
other  noncalcareous  rocks.  In  such  rocks  the  descending  waters 
probably  remain  acid  to  moderately  great  depths,  for  the  acid 
waters  do  not  react  on  silicates  so  rapidly  as  on  lime  carbonate. 
These  conditions  would  delay  the  deposition  of  secondary  iron 
and  zinc  sulphides.  There  is  some  evidence  that  secondary  chalco- 
pyrite,  pyrite,  and  sphalerite  are  formed  in  smaU  cracks  in  the 
lower  parts  of  some  secondary  sulphide  zones,  but  they  are  surely 
subordinate  to  secondary  copper  sulphides  in  most  deposits  in 
noncalcareous  rocks.  One  is  warranted  in  supposing  that  the 
precipitation  of  the  iron  and  zinc  sulphides  can  be  brought  about 
only  by  a  nice  adjustment  of  conditions;  iron  and  zinc  are  not  pre- 
cipitated in  solutions  that  are  highly  acid,  and  neutral  solutions 
probably  will  not  vigorously  attack  the  primary  sulphides.  These 
relations  appear  to  be  in  harmony  with  the  geologic  observations, 
which  indicate  that  pyrite  and  sphalerite  are  not  abundant  secondary 
sulphides  in  many  lode  ores.  Of  the  action  of  alkaline  solutions 
under  these  conditions  not  much  is  known. 

DECBEASE  OF  ACIDITT  OF  DESCENDING  SXTLPHATB  WATERS. 

In  the  discussion  of  the  composition  of  mine  waters  of  sulphide 
ore  deposits  it  was  stated  that  the  waters  of  the  shallow  zones  are 
generally  acid  waters.  Moreover,  there  is  considerable  evidence 
that  acidity  decreases  below  the  water  level.  Analyses  of  two 
samples  of  water  taken  from  a  column  of  water  in  the  Callaway  shaft 
at  Ducktown,  Tenn.,  indicate  a  decrease  in  acidity  of  more  than  50 
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per  cent  within  a  vertical  distance  downward  of  37  feet.  Some 
analyses  from  the  Capote  mine,  of  Cananea,  Mexico,  show  also  a 
neutralization  of  acid  at  coipparativeiy  shallow  depths.  At  least 
eight  other  samples,  all  except  one  taken  at  considerable  depths,  are 
alkaline.  The  conclusion  is  warranted,  therefore,  that  acid  solutions 
descending  through  sulphide  ores  decrease  in  acidity  where  oxygen  is 
excluded;  later  they  become  neutral,  and  ultimately  alkaline.  The 
geologic  data  are  completely  in  harmony  with  this  conclusion,  for 
there  is  abundant  evidence  that  descending  acid  waters  attack  alka- 
line or  alkaline-earth  silicates  and  alkaline-earth  carbonates;  acid 
reacting  with  feldspars  or  sericite  forms  kaolin,  and  these  reactions 
are  attended  by  the  solution  of  alkalies  or  alkaline  earths  as  sul- 
phates. Where  limestone  is  attacked  decrease  in  acidity  may  be 
attended  by  precipitation  of  gypsum. 

There  are  reversals  of  these  processes,  it  is  true,  for,  according  to 
Stokes,  the  precipitation  of  chalcocite  is  attended  by  the  liberation  of 
sulphuric  acid.  This  acid,  however,  would  soon  be  neutralized  by 
reactions  on  silicates  and  carbonates  and  could  not  accumulate  per- 
manently. That  it  is  so  neutralized  is  indicated  by  the  conunon 
association  of  secdhdary  copper  ore  with  kaolin  or  gypsum. 

GEANGBS  IN  THB   STATE  OF  OXIDATION  OF  DBSCBNDINO  ACID 

8TJLFHATB  SOLUTIONS. 

The  acidity  of  descending  sulphate  waters  decreases  below  a  cer- 
tain depth,  and  because  air  is  excluded  the  state  of  oxidation,  of  the 
solutions  likewise  decreases.  The  d^ree  of  oxidation  of  iron,  which 
is  generally  abundant  in  mine  waters,  affords  a  useful  index  to  the 
state  of  oxidation  of  the  solutions.  The  waters  that  pass  downward 
from  the  oxidmng  zone  carry  iron  mainly  in  the  ferric  state.  They 
may  carry  also  some  dissolved  oxygen,  but  not  much,  for,  according 
to  Winkler,^  at  atmospheric  pressure  and  at  16.87^  a  liter  of  water 
can  dissolve  but  6.84  cubic  centimeters  of  oxygen.  Underground 
waters  are,  moreover,  seldom  saturated  with  oxygen. 

Dilute  acid  sulphate,  which  reacts  on  certain  sulphides  of  iron,  zinc, 
and  lead,  will  under  some  conditions  release  hydrogen  sulphide, 
which  is  available  (1)  for  reduction  of  the  oxygen  in  the  water,  (2)  for 
reduction  of  fenic  to  ferrous  sulphate,  or  (3)  for  the  precipitation  of 
copper  or  other  sulphides  which  may  be  held  in  sulphate  solution. 

The  reduction  of  the  oxygen  in  the  water  will  probably  take  place 
before  the  copper  sulphide  is  precipitated,  since  oxygen  tends  to 
inhibit  the  precipitation  of  copper  sulphide.  It  is  probable  also  that 
the  oxygen  of  the  solution  is  reduced  before   fenic    sulphate    is 

1  Hempel,  Walthar,  OasanalytiKhe  Methoden,  IMO,  pp.  129-130. 
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attacked,  although  both  reactions  may  go  on  together.     Assuming 
the  presence  of  H,S,  we  may  state  the  reactions  as  follows: 

(1)  H,S+0-H,0+S. 

(2)  Fe,(SO,), + H,S  =  2FeS0,  +  H^O^ + S. 
.     fE^+CuSO,=CuS+H^,. 

^"^^     lCuS+CuSO,+H,S=Cu^  +  H,SO,+S. 

If  oxygen  is  present  the  reaction  may  go  on  as  indicated  by  (1);  if 
ferric  sulphate  is  present,  equation  (2)  would  be  possible;  with  neither 
oxygen  nor  ferric  sulphate  in  the  solution,  equations  (3)  are  possible. 

BATE  AT  WHICH  HYDBOGBN  SXTLPHIDB  IS  GBNEBATBD  FBOH 
SBVEBAL  PBIMABY  STJLPHIDBS  BY  COLD  DILUTB  ACID  ST7L- 
PHATE  WATBBS. 

As  shown  by  experiments  made  by  R.  C.  Wells  (p.  59),  cold 
dilute  acid  sulphate  solutions  attack  several  metallic  sulphides  and 
generate  hydrogen  sulphide.  With  equal  surfaces  exposed,  such 
solutions  in  these  experiments  set  hydrogen  sulphide  free  at  least 
four  times  as  rapidly  from  zinc  blende  as  from  pyrite  or  chalcopy- 
rite,  and  about  twenty-five  times  as  rapidly  from  pyrrhotite  as  from 
zinc  blende.  With  pyrite  and  chalcopyrite  the  amount  of  hydrogen 
sulphide  generated  is  small  and  the  quantities  determined  may  repre- 
sent the  end  points  of  titration,  for  hydrogen  sulphide  was  not  identi- 
fied as  a  product  of  the  reaction.  Doubtless  sphalerite  containing 
considerable  iron  sulphide  will  react  more  readily  with  acid  than  pure 
zinc  sulphide.  The  quantity  of  hydrogen  sulphide  generated  with 
galena,  sphalerite,  and  pyrrhotite  was  sufficiently  great,  perhaps,  to 
give  the  results  a  quantitative  value. 

These  experiments  were  carried  on  with  pure  minerals  that  had 
been  carefully  examined.  Minerals  so  pure  are  seldom  found  in  laige 
bodies  of  sulphide  ores,  where  the  sulphides  generally  occur  in  more 
or  less  intimate  association.  Gottschalk  and  Buehler  have  recently 
shown  that  in  such  mixtures  weak  batteries  are  formed  and  that  the 
oxidation  and  solution  of  the  mineral  with  the  lowest  potential  will 
be  increased  while  the  solution  of  the  mineral  which  is  higher  in  the 
series  will  be  retarded.  There  is  no  reason  to  suppose  that  the  order 
of  solution  in  an  oxidizing  environment  like  that  in  which  the  experi- 
ments of  Gottschalk  and  Buehler  were  carried  on  would  correspond 
closely  to  the  order  of  attack  in  a  reducing  environment  like  that 
which  existed  under  the  conditions  of  Mr.  Wells's  experiments.  Yet 
the  associations  of  the  sulphides  may  affect  the  rate  of  their  solution 
in  the  reducing  zone  also.  Consequently  the  rate  of  attack  of  acid 
sulphate  solutions  on  various  sulphide  ores  in  the  reducing  zone  can 
not  be  accurately  stated.  Possibly  each  association  is  a  problem  in 
itself.    Where  one  of  the  metallic  sulphides  greatly  predominates. 
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however,  it  should  not  be  supposed  that  a  high  potential  would  greatly 
retard  its  attack  by  acid  in  the  reducing  environment  which  is  as- 
sumed to  exist  where  the  secondary  sulphides  are  precipitated. 

The  laboratory  experiments  and  geologic  observations  indicate 
that  pyrrhotite  is  attacked  very  readily  by  acidic  solutions,  at  least 
where  it  constitutes  a  considerable  part  of  the  ore.  The  reaction 
with  sphalerite  was  less  rapid  than  with  pyrrhotite  but  more  rapid 
than  with  pyrite  and  chalcopyrite.  Here,  too^  field  observations  sup- 
port the  conclusions  based  on  the  laboratory  experiments  available. 
Describing  the  chalcocitization  of  sphalerite  at  Morenci,  Lindgren^ 
says:  '* Pyrite  apparently  does  not  precipitate Cu,S  or  CuS  while  zinc 
blende  is  present."  Weed  notes  also  that  sphalerite  is  present  in  some 
of  the  primary  ores  at  Butte,  but  that  it  is  absent  in  the  enriched 
chalcocite  ores.'  The  latter,  however,  contain  pyrite.  In  a  recent 
paper  by  Irving  and  Bancroft  •  on  the  deposits  of  Lake  CSty,  Colo., 
the  precipitation  of  secondary  minerals  on  sphalerite  from  downward- 
moving  sulphate  solutions  is  emphasized. 

The  data  available  seem  therefore  to  indicate  that  in  a  large 
number  of  deposits  at  least  the  action  of  dilute  sulphuric  acid  in  the 
absence  of  air  on  the  following  sulphides  is  probably  in  the  same 
order  as  that  indicated  by  the  experiments  of  Mr.  Wells,  viz,  (1) 
pyrrhotite,  (2)  zinc  blende,  (3)  pyrite  and  chalcopyrite. 

OOHPOSmON  OF  THE  PBIMABY  OBB  AS  A  FACTOR  DETEBHININO 
THE  VEBTICAL  EXTENT  OF  THE  SECONDABY  SULPHIDE  ZONE. 

S.  F.  Emmons  and  others  have  emphasized  the  fact  that  the  ver- 
tical extent  of  the  secondary  sulphide  zone  depends  principally  on  the 
amount  of  fracturing  of  the  primary  ore  body  and  the  size,  con- 
tinuity, and  character  of  the  fractures.  The  course  of  such  fractures 
determines  the  course  of  descending  waters  and  the  size,  character, 
and  continuity  of  open  spaces  control  the  rates  at  which  the  solutions 
descend. 

In  their  descent  the  metal-bearing  solutions  react  on  the  walls  of 
the  watercourses,  and  these  reactions  produce  changes  of  chemical 
equihbria  and  deposition  of  certain  metals.  These  changes  depend 
not  only  on  the  rate  at  which  the  solutions  descend  but  also  on  the 
chemical  environment  through  which  they  pass.  In  Umestone  or  in 
calcite  gangue  the  downward  migration  of  copper  would  be  delayed 
at  least  temporarily  by  the  formation  of  carbonates  (see  p.  98)  and 
calcite  would  quickly  drive  gold  from  acid  solutions  in  wliich  it  was 
held  dissolved  as  chloride. 

>  Lhidgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona:  Prof.  Paper  U.  8. 
Oeol.  Survey  No.  43, 1905,  p.  183. 

I  Weed,  W.  H.,  Oeology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  OeoL  Survey 
No.  74, 1912,  p.  78. 

*  Irving,  J.  D.,  and  Bancroft,  Howland,  Geology  and  ore  deposits  near  Lake  City,  Colo.:  BulL  U.  & 
Geol.  Survey  No.  478, 1911,  pp.  64-05. 
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As  already  stated,  dilute  acid  sulphate  waters  dissolve  some  pyrrho- 
tite  more  rapidly  than  sphalerite  and  some  sphalerite  more  rapidly  than 
pyrite  and  chalcopyrite.  The  action  on  pyrrhotite  and  sphalerite  is  at- 
tended by  the  liberation  of  hydrogen  sulphide,  which  precipitates  sev- 
eral of  the  metals  in  acid  solution.  Under  similar  conditions,  because 
the  reaction  is  brought  near  to  completion  more  quickly,  the  vertical  ex- 
tent of  the  zones  of  secondary  ores  should  be  less  in  primary  ores  which 
carry  abundant  pyrrhotite  than  in  ores  of  pyrite  and  chalcopyrite 
which  contain  no  pyrrhotite,  and  although  such  secondary  zones 
might  be  richer  they  would  not  extend  so  deep. 

The  attack  of  acid  sulphate  solutions  on  sphalerite  is  probably  less 
vigorous  than  on  pyrrhotite  but  more  vigorous  than  the  action  on 
pyrite  and  chalcopyrite;  consequently  deposits  that  carry  sphalerite 
should  have  secondary  zones  which  are  not  so  extensive  vertically  as 
those  of  deposits  that  contain  pyrite  and  chalcopyrite  with  neither 
sphalerite  nor  pyrrhotite.  Briefly  stated,  the  vertical  extent  of  the 
secondary  sulphide  zones  should  vary  inversely  with  the  rate  at  which 
the  descending  acid  sulphate  solutions  attack  the  primary  sulphides. 

The  data  at  present  available  do  not  cover  a  wide  range  of  condi- 
tions and  combinations,  and  the  relations  above  indicated  may  have 
but  little  quantitative  value,  because  deposits  and  minerals  are  not 
equally  permeable,  postmineral  fractures  are  not  equally  spaced, 
equal  surfaces  of  the  primary  minerals  are  not  exposed,  all  deposits 
have  not  been  equally  eroded,  and  the  temperatures  prevailing  are 
not  the  same.  But  notwithstanding  these  differences  in  the  physical 
environment  and  geologic  history  of  the  deposits  in  different  mining 
districts,  I  believe  that  the  secondary  sulphide  zones  of  many 
deposits  show  relationships  that  depend  on  the  composition  of  the 
primary  ore  and  that  may  be  rationally  explained  when  inspected  in 
the  light  of  these  chemical  relations. 

Principal  mineral  combinations  of  three  groups  of  copper  deposits. 


Pyrrhotite  ores  with  pyrite  and 
chalcopyrite,  with  or  without 
tino  binide. 


Pyritio  ore  with  sphalerite  and 
chalcopyrite.  and  with  little  or 
no  pyrrnotite. 


Pyritio  chaloop3rrite  ores,  with 
little  or  no  pyrrhotite  or  cine 
blende. 


Ducktown,  Tenn. 
Gossan  leaid,  Va.  and  N.  C 
Ely.  Vt. 

Santiago  de  Cuba. 
Encampment,  Wyo. 
Grants  Pass,  Oreg. 
Bincham,  Utah  (In  part). 
Sudbury,  Ontario. 


l&orsncl,  Aril. 

Santa  Rita,  N.  Mez.  (hi  part). 

Shasta  County,  CaL 

Velardefia,  Mexico. 

Jerome,  Ariz. 

Oananea,  Mexico. 


Butte,  Mont,  (in  part). 
Blsbee,  Aris. 
Globe,  Aris. 
Miami .  Aris. 
Ray,  Alls. 


In  the  foregoing  table  certain  deposits  have  been  so  grouped 
that  three  classes  of  copper  ores  may  be  inspected  to  ascertain 
whether  the  secondary  chalcocite  zones  have  a  greater  vertical  extent 
in  pyrrhotite  deposits,  in  sphalerite  deposits,  or  in  copper  deposits 


94  THE  ENBIOHMENT  OF  SULPHIDE  0BE8. 

that  contain  little  or  no  sphalerite  or  pyrrhotite.  Those  in  the  first 
column  contain  considerable  pyrrhotite;  aU  except  one  of  them  are 
known  to  have  comparatively  shallow  chalcocite  zones;  in  general 
the  lower  limit  of  chalcocite  is  from  50  to  250  feet  below  the  present 
surface.  These  deposits  are  said  to  be  comparatively  tight  and  relar 
tively  impervious  to  the  downward  migration  of  mineral  waters; 
consequently  they  do  not  afford  examples  ideal  for  comparison. 
Nevertheless  I  can  find  no  example  of  a  deposit  that  carries  abundant 
pyrrhotite  in  which  secondary  sulphides  are  shown  to  have  been 
deposited  at  great  depths. 

On  comparing  the  deposits  of  column  1  with  those  of  colunm  3 
it  is  clearly  apparent  that  the  chalcocite  zones  in  the  latter  are  of 
much  greater  vertical  extent;  indeed,  they  include  the  deepest 
chalcocite  zones  that  have  been  developed.  In  several  of  the 
deposits  of  column  3  chalcocite  extends  to  depths  ranging  from 
1,000  to  nearly  1;500  feet  below  the  surface.  It  is  found  at  still 
greater  depths  at  Butte,  Mont.,  but  an  increasing  trend  of  opinion 
held  by  those  most  familiar  with  these  deposits  indicates  that  the 
chalcocite  of  the  lower  levels  of  the  Butte  mines  is  primary.  In 
some  of  the  deposits  of  Arizona  the  secondary  zones  are  very  exten- 
sive vertically  owing  to  the  great  distance  to  the  zone  of  saturation. 
Undoubtedly  some  of  the  deposits  of  colunm  3  are  much  more 
highly  fractured  than  some  of  those  of  column  1,  consequently  these 
examples  are  likewise  not  ideal  for  comparison.  Yet  the  fact  that 
none  of  the  deposits  with  deep  chalcocite  are  known  to  carry  appre- 
ciable pyrrhotite  appears  to  be  significant. 

The  deposits  of  column  2  have  chalcocite  zones  which  in  general 
are  of  greater  vertical  extent  than  those  of  column  1  and  less  than 
those  of  column  3,  but  possibly  the  differences  are  too  slight  to 
give  the  figures  much  significance.  It  is  a  fact  familiar  to  all,  how- 
ever, that  rich  silver  ores  frequently  give  way  in  depth  to  primary 
ores  containing  abundant  sphalerite,  the  contact  zone  being  at  some 
places  comparatively  narrow. 

From  the  comparison  of  the  several  groups  of  deposits  investigated, 
it  is  concluded  that  with  approximately  similar  temperature,  rainfall, 
erosion,  head,  permeability,  and  other  conditions,  the  vertical  extent 
of  the  secondary  sulphide  zone  depends  principally  on  the  character 
and  extent  of  fracturing  in  the  primary  ore  bodies,  but  the  vertical 
distribution  of  the  secondary  sulphides  shows  a  relation  also  to  the 
mineral  composition  of  the  primary  ore.  In  general,  ores  containing 
abundant  pyrrhotite  are  not  enriched  to  depths  so  great  as  those 
containing  pyrite  and  chalcopyrite  but  little  or  no  pyrrhotite.  The 
influence  of  zinc  blende  and  of  a  small  proportion  of  pyrrhotite  can 
not  yet  be  positively  stated. 
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BOMB  GHEHIOAL  BBLATIONS  AND  lONB&ALS  OF  OOPFB&. 

FBINOIPAL  OOFFEB  MINEBAL8. 

The  names  and  the  chemical  composition  of  the  principal  copper 
minerals  are  given  below: 

Copper Ou. 

Chalcanthite CuS04.6HaO. 

Fiaanite (Cu,Fe)S04.7H,0. 

Brochantite Cu4S04(OH)e  or  4CuO.SO,.3HaO. 

Nantokite CuCl. 

Atacamite Cuaa(OH),  or  CuClj.3Chi(0H)^ 

Malachite Cua(OH)aCO,  or  2CuO.COa.H,0. 

Azuiite Cu,(OH)2(CO,)2  or  3Cu0.2COj.H,0. 

Chryaocolla CuSiO,.2HjO  or  CuO.Si02.2H,0. 

Dioptase CuHjSiO*  or  CuO.SiO,.H,0. 

Cuprite CujO. 

Tenorite CuO. 

Copper  pitch  ore.* 

Chalcocite Cuj|S. 

Covellite CuS. 

Bomite  » Cu5FeS4. 

Chalcopyrite CuFeSj  or  Cu,S.FeaS,. 

Enazgite Cu,AbS4  or  ZCufi.ABfii. 

Tetrahedrite CugSbjS^  or  4Cuj8.8b,S,. 

Tennantite Cu^AbJ&j  or  4CiigS .  Aafig, 

Famatinite Cu,SbS4  or  SCuaS.Sb^,. 

soLUBiLrrr  of  some  coffer  compounds." 

At  20*"  C.  a  liter  of  water  dissolves  172  grams*  CUSO4.  At  20®  C.  a 
liter  of  water  dissolves  435  grams  CuCI,.  At  15®  to  16®  C.  a  liter 
of  water  containing  16.66  grams  HCl  dissolves  61.59  grams  Cud. 

natube  and  belations  of  the  copper  minerals. 

Copper,  silver,  and  gold  belong  chemically  to  the  same  family; 
the  three  elements  occupy  exclusively  the  right  side  of  the  second 
column  of  the  table  of  the  periodic  system  and  are  somewhat  closely 
affiliated.  They  stand  apart  as  metals  in  the  concentration  of  which 
the  processes  of  sulphide  enrichment  are  most  clearly  expressed. 
They  are  dissolved  more  or  less  readily  in  an  oxidizing  sulphate  or 
chloride  environment  and  are  readily  precipitated  from  acid  waters 
by  reactions  in  the  sulphide  environment  where  oxygen  is  excluded. 

The  mineral  waters  in  the  oxidizing  zones  of  sulphide  deposits  are  / 
acid  sulphate  and  ferric  sulphate  solutions.  In  the  presence  of  oxy- 1 
gen  such  solutions  dissolve  copper  very  readily,  and  in  contact  with ' 

1 A  complex  h]rdrated  oxide. 

>  Formula  ae  established  by  B.  7.  Harrington  (Am.  Tour.  Bd.,  4th  Mr.,  vol.  16,  1903,  p.  151).     The 
(dder,  commonly  aocepted  formula  Is  CoiFeSs,  abo  written  Cua8.CaS.FeS,  or  3Ci]t8.FeiS|. 

*  Seidell,  Atherton,  BolubiUties  of  Inorganlo  and  organic  sobetanoei,  D.  Vao  Nostrand  Go.,  New 
York.  1907. 

*  For  Uie  MubOttf  of  hydratod  copper  solpfaate  aee  p.  83, 
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copper  compounds  such  a  system  will  contain  also  copper  sulphate. 
The  copper  sulphate  in  solution  reacts  with  carbonates  or  with  acid 
carbonate  in  solution,  precipitating  copper  carbonate.  If  chlorides 
are  abundant,  copper  chlorides  may  form.  Cupric  chloride  is  readily 
soluble  in  water;  cuprous  chloride  oxidizes  to  form  oxychlorides. 
In  moist  countries  both  chlorides  are  imstable.  In  arid  countries 
copper  chloride  may  accumulate  as  atacamite.  The  sulphates  chal- 
canthite  and  brochantite  also  may  be  precipitated,  and  the  basic 
sulphate  brochantite  once  formed  is  stable.  The  silicates  of  copper 
are  probably  formed  by  copper-bearing  solutions  reacting  on  silicic 
acid,  which,  as  shown  by  analyses,  is  conmionly  dissolved  in  mine 
waters.  Native  copper,  cuprite,  and  tenorite  are  formed  by  the 
reduction  or  oxidation  of  various  copper  compounds.  Frequently 
such  changes  are  pseudomorphic  after  an  older  mineral.  All  the 
copper  minerals  mentioned  above  are  formed  in  the  main  in  the  oxi- 
dized or  oxidizing  zone,  and  in  sulphide  ore  deposits  their  occurrence 
below  the  oxidizing  zone  is  exceptional.  None  of  them  are  known 
to  form  in  depth  by  deposition  from  hot  ascending  alkaline  solutions. 

Below  the  oxidizing  zone,  where  air  is  excluded,  copper  is  precipi- 
tated as  sulphides;  chalcocite,  covellite,  bomite,  chalcopyrite,  and 
possibly  some  of  the  more  complex  antimony  and  arsenic  compounds 
are  formed  by  these  processes.  Precipitation  may  be  brought  about 
by  chemical  interchange  with  pyrite,  chalcopyrite,  pyrrhotite,  zinc 
blende,  galena,  and  probably  with  some  other  sulphides,  the  process 
being  mainly  metasomatic  replacement.  The  copper  sulphides  are 
precipitated  also  by  hydrogen  sulphide,  which  may  be  generated  by 
attack  of  acid  sulphate  solutions  on  several  of  these  sulphides.  At 
ordinary  temperatures  only  3.51  X  10^  mols  of  copper  sulphide 
dissolves  in  a  liter  of  water.  In  the  reducing  environment  the  cop- 
per sulphides  are  stable.  They  are  insoluble  even  in  hot  concen- 
trated acid  sulphate  solutions  if  a  slight  trace  of  hydrogen  sulphide 
is  present.* 

Iron  sulphide  dissolves  in  acid,  however,  and  it  should  not  be 
supposed  that  the  double  sulphides  of  iron  and  copper  would  be  pre- 
cipitated from  acid  solutions  which  contained  much  copper.  But 
as  the  solutions  descend  they  lose  acidity,  and  copper  sulphide  is 
precipitated  at  the  expense  of  iron  sulphide,  the  iron  going  into  solu- 
tion. A  decrease  in  acidity,  a  decrease  in  copper,  and  an  increase 
of  iron  in  solution  bring  about  a  state  of  equUibriiun  which  is  in- 
creasingly favorable  to  the  precipitation  of  double  sulphides,  such 
as  chalcopyrite  and  bomite.' 

In  the  oxidizing  zone  copper  is  much  more  soluble  than  gold,  and, 
unlike  gold,  it  may  be  dissolved  in  the  absence  of  chlorides  in  sul- 

1  AUen,  E.  T.,  oral  oommimioation. 

>  Wells,  R.  C,  The  fraotlonel  pieotpitetion  of  aotphldie:  Eooo.  Geology,  voL  ft,  1910,  pp.  IS-tt. 
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phate  solutions.  Thus  many  deposits  which  contain  both  copper 
and  gold  show  a  distinct  segregation  of  gold  near  the  surface,  while 
copper  ores  with  subordinate  gold  are  found  in  depth.  The  High- 
land Boy  mine,  at  Bingham,  Utah;  the  United  Verde  mine,  at  Jerome, 
Ariz. ;  and  the  Mount  Morgan  mine,  in  Australia,  were  operated  first  as 
gold  mines  and  subsequently  developed  large  bodies  of  copper-gold 
ores.  In  two  of  these  mines  the  gold  has  probably  not  been  dissolved 
to  any  great  extent;  in  one,  the  Mount  Morgan  mine,  the  solution  of 
gold  is  clearly  indicated.  Even  where  the  conditions  for  the  solu- 
tion of  gold  are  most  fa^irorable,  however,  it  is  probably  precipitated 
mainly  in  the  upper  part  of  the  chalcocite  zone.  It  would  not 
remain  in  solutions  that  contain  much  ferrous  sulphate,  and  chal- 
cocitization  is  doubtless  attended  by  the  generation  of  abundant 
ferrous  sulphate. 

Silver,  like  copper,  dissolves  somewhat  readily  in  an  acid  sulphate 
environment,  especially  if  ferric  sulphate  is  present.  Silver  sulphide 
is  not  so  soluble  as  copper  sulphide,  however  (see  p.  59),  and  in  the 
presence  of  chlorides  its  downward  migration  is  delayed  by  its  pre- 
cipitation as  cerargyrite,  or  in  the  presence  of  ferrous  sulphate  or  in 
contact  with  several  sulphides  and  gangue  minerals  native  silver  is 
deposited.  Some  of  the  great  copper  lodes  of  Butte,  Mont.,  were 
worked  for  silver  to  depths  from  200  to  400  feet  below  the  surface, 
where  the  deposits  changed  to  rich  copper  ore.*  Like  gold,  silver 
would  be  driven  from  sulphate  solutions  in  an  environment  where 
chalcocite  forms.  Its  sulphide  is  even  less  soluble  than  copper 
sulphide  and  in  depth  would  be  precipitated  as  argentite.  The  rich 
narrow  chalcocite  zones  at  Ducktown,  Tenn.,  contained  considerable 
silver,  although  the  primary  pyrrhotite  ore  is  only  slightly  argen- 
tiferous. In  the  north  vein.  Mass  II,  at  Rio  Tinto,  Spain,'  both  gold 
and  silver  were  concentrated  in  a  thin  layer  just  above  the  zone  of 
copper  and  iron  sulphides. 

As  already  stated,  both  gold  and  silver  are  precipitated  from 
dilute  solutions  by  ferrous  sulphate,  but  copper  sulphate  and  ferrous 
sulphate  may  exist  in  the  same  solution  without  precipitation  of 
copper.  It  is  reasonable  to  suppose  that  native  silver  as  well  as 
gold  may  be  precipitated  with  chalcocite,  but  it  is  not  so  likely  that 
under  these  conditions  native  copper  and  chalcocite  would  be  pre- 
cipitated simultaneously. 

The  rate  at  which  certain  sulphides  react  with  acid  to  generate 
hydrogen  sulphide  and  the  tendency  of  certain  ores  to  delay  the 
downward  migration  of  copper  has  already  been  discussed  (p.  59). 

1  Emmons,  S.  F.,  The  secondary  enrlohment  of  ore  deposits,  in  Pofiepn^,  Franz,  The  genesis  of  ore 
deposits,  1902,  pp.  442-443. 
>  Vogt,  J.  H.  L.,  Problems  in  the  geology  of  ore  deposits, in  FoBapaf,  Franz,  op.  cit.,  p.  670. 
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The  precipitation  of  gold  and  silver,  if  any  were  held  in  the  copper 
sulphate  solution,  would  be  even  more  rapid. 

Carbonates  react  with  solutions  of  acid  sulphate  even  more  rap- 
idly than  pyrrhotite  and  likewise  tend  to  delay  the  downward  migra- 
tion of  copper,  gold,  and  silver.  If  there  is  much  lime  carbonate  in 
the  gangue  of  the  ore  or  in  the  wall  rock,  the  downward  migra- 
tion of  metallic  sulphates  may  be  checked  or  even  inhibited.  As 
stated  by  Bard,^  chalcocitization  is  seldom  extensive  in  carbonate 
rocks,  because  the  copper  is  precipitated  as  carbonate  by  reaction 
with  calcite.  To  this  there  are  some  exceptions,  and,  appreciating 
these,  Bard  notes  that  the  precipitation  of  some  copper  carbonate 
on  the  limestone  may  inhibit  further  action  and  insulate  the  passages 
from  reaction  with  the  descending  solutions.  Under  such  condi- 
tions copper  sulphate  could  descend  through  carbonate  rocks  to  con- 
siderable deptlis,  where  it  could  be  precipitated  by  iron  sulphide  or 
by  hydrogen  sulphide  if  any  were  generated  by  the  action  of  acid 
on  sulphides  or  as  copper  carbonate  by  reactions  with  limestone. 

In  some  districts,  however,  the  primary  mineralization  of  lime- 
stone is  attended  by  extensive  sihcification.  If  carbonate  has  been 
removed,  it  would  of  course  be  no  longer  effective.  The  silicifica- 
tion  of  limestone  at  Bisbee,  Ariz.,  has  doubUess  removed  much  of 
the  carbonate  in  the  region  of  the  ore  bodies. 

A  gangue  of  siderite,  dolomite,  or  other  carbonates  would  react 
with  acid  sulphate  solutions  and  tend  to  neutrahze  them  and  to 
precipitate  gold,  silver,  or  copper,  but  the  reaction  would  be  some- 
what less  rapid  than  with  calcite. 

OCCUBRENCE  OF  THE  COPPER  MINERALS. 

Native  copper  occurs  in  the  Lake  Superior  district  and  in  zeolitic 
lodes  elsewhere  as  the  principal  primary  copper  mineral.  In  the 
sulphide  ores  of  the  Cordillera  of  North  America  native  copper  is 
confined  to  the  upper  zone  of  the  ore  bodies  and  is  clearly  secondary. 
It  is  formed  in  many  places  by  the  reduction  of  cuprite  and  is  fre- 
quently found,  with  copper  oxides,  directly  above  the  zone  of 
secondary  chalcocite  ores.  The  following  reactions  have  been  sug- 
gested but  not  proved  : 

CujO  +  2FeS0,  +  H^SO,  =  2Cii  -f  Fe^CSO,),  +  H,0. 
CujO  +  H2SO,  =  Cu  +  CuSO,  +  H3O. 

At  Cananea,  Mexico,  at  Cashin,  Colo.,  and  at  many  other  places 
tabular  masses  of  native  copper  cut  the  decomposed  oxidized  ore, 
suggesting  the  possibility  that  it  has  altered  directly  from  chalcocite. 
At  Morenci,  Ariz.,  it  is  associated  with  cuprite,  as  a  rule  in  the  upper 

1  Bard,  D.  C,  Absence  of  secondary  copper  sulphide  enrichment  in  calcite  gangues:  Econ.  Oeoloff, 
vol.  5, 1910,  p.  69. 
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limit  of  the  chalcocite  zone.  In  the  Williams  vein,  Arizona  Central 
mine,  in  this  district,^  200  feet  below  the  surf  ace,  a  vein  of  solid  cop- 
per was  found  in  sericitized  porphyry.  The  vein  formed  a  sheet  of 
copper,  in  places  8  inches  thick,  standing  nearly  vertical.  It  had  in 
places  a  fibrous  structure,  perpendicular  to  the  plane  of  the  vein, 
such  as  occasionally  is  exhibited  by  the  chalcocite  seams,  of  which 
it  is  believed  to  be  a  pseudomorphic  development.  In  one  specimen, 
according  to  Lindgren,  two  sheets  of  copper  were  found  separated 
by  sooty  chalcocite.  In  view  of  these  relations  it  appears  that 
copper  may  form  directly  from  chalcocite  without  the  intermediary 
stage  of  oxidation  to  cuprite.     Lindgren  suggests  this  reaction: 

Cu,S  +  3Fe,(S0,),  -f  4H,0  =  2Cu  +  6FeS0,  +  iR^SO^. 

Native  copper  was  abundant  above  the  third  level  of  the  Copper 
Queen  ore  body  at  Bisbee,  Ariz.,  but  comparatively  rare  in  the  lower 
portions  of  the  oxidized  ores.'  In  the  Calumet  &  Arizona  mine, 
however,  it  is  abundant  on  the  1,050-foot  level.  It  occurs  in  part 
as  incrustations  of  chalcocite.  At  Bingham,  Utah,'  it  is  rare  but 
has  been  observed.  Native  copper  is  extensively  developed  in  the 
upper  zones  of  copper  deposits  at  Santa  Rita,  N.  Mex.  In  general 
it  is  abundant  from  100  to  200  feet  below  the  surface.  According 
to  Lindgren,  Graton,  and  Gordon,*  it  is  probably  an  alteration  product 
of  sulphides,  but  the  latter  appear  to  have  been  deposited  in  part  in 
open  spaces  in  the  porphyry  rather  than  as  replacements  of  pyrite. 
In  this  district  and  also  in  the  copper  deposits  of  Lake  Superior  native 
copper  has  been  found  as  perfect  pseudomorphs  after  hornblende. 
According  to  Yeates,*  native  copper  in  Grant  County,  N.  Mex.,  is 
pseudomorphous  after  azurite.  Native  copper  is  not  abundant  at 
Butte,  Mont.* 

In  view  of  the  fact  that  ferrous  sulphate,  a  reducing  agent,  prob- 
ably accumulates  at  depths  at  which  chalcocite  forms,  one  would 
suppose  that  native  copper,  which  is  a  product  of  reduction,  might 
be  deposited  under  some  conditions  along  with  chalcocite;  this  asso- 
ciation is  not  uncommon,  but  may  be  due  to  subsequent  oxidation 
and  partial  reduction  of  chalcocite  to  native  copper.  At  Ducktown, 
Tenn.,  according  to  report,  when  mines  that  had  been  closed  during 

1  Lindgren,  Waldemar,  The  copper  deposits  of  the  CUfton-Morend  district.  Arizona:  Prof.  Paper  U.  8. 
Qeol.  Survey  No.  43, 1905,  p.  101. 

>  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona:  Prof.  Paper  U.  8. 
Oeol.  Survey  No.  21, 1904,  p.  120. 

« Boutwell.  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  8.  OeoL 
Survey  No.  38, 1905,  p.  110. 

« Lindgren,  Waldemar,  Oraton,  L.  C,  and  Gordon,  C.  H.,  The  ore  deposits  of  New  Mezloo:  Prof.  Paper 
U.  S.  Oeol.  Survey  No.  68, 1910,  p.  310. 

•  Yeates,  W.  8.,  Pseadomof]]^  of  oattve  copper  after  asorlte,  feom  Grant  Coanty,  N.  Mez.:  Am.  Jour. 
8ci.,  3d  ser.,  voL  88, 1880,  pp.  405-407. 

•Weed,  W.H.,  Geology  and  ortdspofUi  of  the  Batta  district,  Itoitaiia:  Prat  P^er  U.  a  GeoL  Survey 
Na  74, 1912;  pw  80. 
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the  Civil  War  were  reopened  masses  of  native  copper  were  found 
hanging  to  some  of  the  timbers.^ 

CJudcanihitef  blue  vitriol,  CuSO^.dH^O,  is  frequently  present  in  the 
oxidized  zones  as  efflorescences  or  stalactites  on  open  fissures,  or  as 
veinlets  filling  smaU  crevices  above  the  upper  limit  of  the  zone  of 
secondary  sulphides.  At  Ducktown,  Tenn.,  it  is  abundant  also  in 
the  chaJcocite  zone.  It  rarely  forms  far  below  the  top  of  the  chal- 
cocite  zone,  except  on  surfaces  of  openings  made  by  mining  opera- 
tions. LocaUy  it  is  an  ore  of  some  importance.  At  Butte,  Mont., 
according  to  Weed,'  it  coats  rock  fragments  in  old  stopes,  in  places 
so  abundantly  that  it  has  been  found  profitable  to  collect  it  from 
time  to  time.  In  the  Silverbow  mine  pure  chaJcanthite  is  so  abun- 
dant as  to  almost  fiU  some  of  the  old  drifts.  Beautiful  stalactites 
and  shapes  imitating  organ  pipes  are  developed.  Weed  states 
that  copper  sulphate  is  carried  by  the  moisture  of  the  atmosphere 
circulating  in  mine  openings.' 

Pisanite,  (CuFe)S04.7HjO,  is  a  rare  sulphate  of  copper  and  iron. 
Large  and  beautiful  specimens  were  found  in  copper  deposits  at 
Bingham,  Utah.*  At  Butte,  Mont.,  stalactites  occur,  usually  in 
deserted  drifts.' 

Brochantite,  THJCu^SOif^,  a  basic  sulphate  of  copper,  has  been 
identified  at  only  a  few  places.  It  is  of  common  occurrence  in  the 
ores  of  the  Clif  ton-Morenci  district,  Arizona,  where,  according  to  Lind- 
gren,'  it  is  intergrown  with  malachite,  which  eflFectively  masks  its 
presence  in  hand  specimens.  In  the  Shannon  mine,  near  the  surface, 
in  porphyry,  it  constitutes  a  rich  ore  body.  Ransome  noted  it  also 
in  sections  from  the  oxidized  zone  at  Bisbcc,  Ariz.  In  all  its  occur- 
rences it  is  probably  a  deposit  from  oxidizing  waters. 

Sullivan '  obtained  a  substance  of  the  composition  of  brochantite 
by  treating  siUcates  with  copper  sulphate  solutions.  Lindgren  • 
states  that  brochantite  may  form  directly  by  the  oxidation  of  chal- 
cocite  according  to  the  following  reaction: 

2Cu,S  + 10  O  +  4H,0  =  HeCu,SOio  -f  H^SO,. 

Atacamite  and  nantolcite,  —  Atacamite,  CuCl3.3Cu(OH)2,  the  oxy- 
chloride  of  copper,  and  nantokite,  CuCl,  cuprous  chloride,  are  com- 

>  Edwards,  W.  F.,  Discussion  of  papers  by  H.  A.  Lee,  on  "  Gases  in  metalliferous  mines":  Proc  Colorado 
Scl.  Soc,  vol.  7,  1904,  p.  183. 

'  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  Geol.  Survey 
No.  74, 1912,  p.  81. 

>  Idem,  p.  99. 

*  Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  S.  Q«oL 
Survey  No.  38, 1905,  p.  HI. 

» Weed,  W.  H.,  op.  dt.,  p.  82. 

*  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Morencl  district,  Ariscma:  Prof.  Paper  U.  S. 
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paratively  rare  secondary  copper  minerals.  They  are  probably 
formed  in  the  oxidized  zones,  but  on  account  of  their  solubility  in 
natural  waters  they  do  not  generally  accumulate. 

Since  cuprous  chloride  is  comparatively  less  soluble  in  water,  it 
would  be  supposed  that  nantokite  would  be  fixed  more  readily  than 
the  cupric  salt  atacamite.  On  exposure  to  the  air,  however,  the 
cuprous  chloride  is  oxidized  to  form  atacamite.  Such  is  said  to  be  the 
genesis  of  some  atacamite  of  Chile.  In  the  United  States  the  natural 
chlorides  of  copper  are  almost  unknown. 

Malachite,  (CuOH)3CO„  a  basic  cupric  carbonate,  is  abundant  in 
the  oxidized  zones  of  many  cupriferous  deposits  and  is  most  abundant 
in  deposits  that  are  inclosed  in  limestone.  It  was  present  in  con- 
siderable quantity  in  the  superficial  portions  of  copper  deposits  at 
Bingham,  Utah,^  where  it  occurs  as  globular  masses  and  also  as 
bands  equivalent  to.  parts  of  certain  rock  strata.  It  also  forms  en- 
velopes about  sulphides  and  oxides.  In  the  Old  Dominion  mine  at 
Globe,  Ariz.,  according  to  Kansome,'  malachite  is  conspicuously 
developed  as  veinlets  in  quartzite  and  has  locally  replaced  the 
quartzite.  Malachite  is  present  almost  universally  in  the  oxidized 
zones  of  sulphide  deposits  and  in  some  of  them  it  persists  in  the  out- 
crop. Its  association  with  limonite  in  the  gossan  has  encouraged 
deep  development  in  many  copper  districts.  It  is  unknown  as  a 
primary  ore  in  deposits  formed  by  thermal  waters. 

If  copper  sulphate  waters  should  mingle  with  acid  carbonate 
waters  the  following  reaction'  would  probably  take  place: 

2CuS0,  -f  2H,Ca(C0,),  -  CuCO,.Cu  (OH),  +  2CaS0,  +  300,  +  H,0. 

Acid  waters  attacking  limestone  would  form  malachite  according 
to  the  following  reaction: 

2CUSO4  +  2CaCOs  +  6H,0 = CuCOs-Cu  (OH),  +  2CaSO,.2H,0 + CO,. 

Solutions  of  iron  sulphate  and  copper  sulphate  react  with  limestone 
and  deposit  limonite  and  malachite  simultaneously.^ 

Azurittj  2CuC08.  Cu(OH),,  like  malachite,  is  a  basic  cupric  carbonate. 
So  far  as  known,  it  is  not  formed  by  ascending  thermal  waters.  It 
is  very  much  less  abundant  than  malachite,  but  in  some  deposits  in 
limestone,  as  at  Bisbee,  Ariz.,  it  is  plentiful.  Kemp  •  suggests  the 
following  reaction  with  copper  sulphate  and  acid  carbonate  solutions: 

3CuS0,  -f  3H,Ca(C0,),  =  2CuC0,.Cu(0H),  +  3CaS04  -f  400,  +  2H,0. 

>  Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  8.  OeoL 
Survey  No.  38, 1905,  p.  107. 

>  Ransome,  F.  L.,  Geology  of  the  Globe  copper  district,  Arlsona:  Prof.  Paper  U.  S.  GeoL  Survey  No.  12, 
1903,  p.  122. 

s  Kemp,  J.  F.,  Secondary  enrichment  In  ore  deposits  of  ooppen  Eoon.  Geology,  toL  1, 1900,  p.  34. 
4  Llndgren,  Waldemar,  The  copper  dqjMilts  of  the  GUfton-Morenfli  district,  Aiisona:  Prat  Paper  U.  & 
OeoL  Survey  Na  D,  1906,  pp.  18»-190. 
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At  Morenci  it  is  frequently  associated  with  kaolin^  and  is  generally 
one  of  the  last  minerals  to  form. 

In  limestone  azurite  may  be  formed  according  to  the  following 
reaction : 

3CuS0,  +  3CaC0,  +  7H,0  =  2CuC03.Cu(OH),  +  3CaSO,.2H,0 + CO,. 

ChrysocoUa,  the  bluish-green  hydrous  copper  silicate  CuOH^i04, 
forms  rather  abundantly  in  the  outcrops  and  near  the  surface  of 
some  copper  deposits;  in  others  it  is  rare  or  absent.  It  is  a  common 
mineral  also  in  the  oxidized  zone  of  some  silver  and  gold  mines. 
Although  widely  distributed  in  some  lodes,  it  occurs  at  most  places 
only  in  small  bodies.  It  is  frequently  associated  with  malachite  and 
azurite  and  is  not  known  as  a  deposit  of  ascending  hot  waters.  At 
Globe,  Ariz.,*  chrysocolla  replaces  dacitic  tuff.  In  this  district  it  is 
older  than  malachite  where  the  two  minerals  are  together  and  it 
forms  at  greater  depth  than  malacliite.  It  is  an  ore  mineral  in  several 
other  deposits  of  the  Southwest,  where  it  is  mined  with  copper  oxides 
and  carbonates.  At  Bisbee  it  seems  never  to  have  been  abundant, 
but  in  the  Calumet  &  Arizona  mine  it  forms  thin  shells  about 
kernels  of  cuprite,  native  copper,  and  brochantite  and  is  in  turn 
enveloped  by  malachite  and  calcite.'  At  Butte,  Mont.,*  it  is  found 
in  the  country  rock  near  the  veins.  At  Cripple  Creek  •  chrysocolla 
is  an  oxidation  product  of  tetrahedrite. 

There  is  no  record  of  the  synthesis  of  chrysocolla  in  the  laboratory. 
Kemp  ®  has  suggested  that  it  results  from  gelatmizing  silica  and 
solutions  of  copper  sulphate: 

CuSO,  +  H^CaCCO,),  -f  H.SiO,  =  CuOH,SiO,  +  CaSO,  +  H,0  +  2CO,, 

It  appears  that  the  abundant  carbonate  is  not  uniformly  a  necessary 
condition  for  its  genesis,  since  in  the  Morenci  district,  Arizona,'  it  is 
more  abimdant  in  the  ores  in  porphyry  and  in  granite  than  in  the 
ores  in  limestone.  In  some  deposits  in  porphyry  it  is  of  commercial 
value.  An  interesting  occurrence  of  highly  auriferous  chrysocolla  is 
that  of  the  Original  Bullfrog  mine  in  Nevada.  If  in  the  reactio'n 
suggested  by  Kemp  ferrous  acid  carbonate  were  present  in  place  of 

1  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Morenci  district,  Arisona:  Prof.  Paper 
U.  8.  Geol.  Survey  No.  43,  1905,  p.  118. 

sRansome,  F.  L.,  Geology  of  the  Globe  copper  district,  AricooA:  Prof.  Paper  U.  8.  Oeol.  Survey  No. 
12,  1903,  p.  123. 

>  Kansome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quadfangle,  Aritcma:  Prof.  Paper  U.  8. 
Geol.  Survey  No.  21,  1904,  p.  126. 

•  Weed,  W.  n.,  Emmons,  S.  F.,  and  Tower,  O.  W.,  Butte  special  folio  (No.  38),  Geol.  Atlas  U.  8.,  U.  S 
Geol.  Survey,  1897,  p.  6. 

•  Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Geology  and  gold  dei>osits  of  the  Cripple  Creek  district, 
Colorado:  Prof.  Paper  U.  8.  Geol.  Survey  No.  M,  1906,  p.  129. 

•  Kemp,  J.  F.,  Secondary  enrichment  in  ore  deposits  of  copper:  Econ.  Geology,  toL  1, 1906,  Pp.  24-2S. 
'  Lindgren,  Waldemar,  The  copper  deposits  of  the  Cttfton-Mofend  distriot,  Arlsooft:  Prof.  Paper 

U.  8.  Geol.  Survey  No.  43, 1006,  p.  lis. 
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that  of  lime,  ferrous  sulphate  would  form  instead  of  calcium  sulphate. 
Minute  quantities  of  ferrous  sulphate. drive  gold  from  solutions  in 
which  it  is  dissolved  as  chloride.  Possibly  the  free  gold  of  chrysocoUa 
was  precipitated  by  ferrous  sulphate. 

Dioptase,  HjCuSiO^,  orHjO.CuO.SiOj,  likechrysocolla,  is  a  secondary 
copper  silicate.  It  is  characteristically  formed  in  the  zone  of  oxida- 
tion and  is  unknown  as  a  deposit  from  hot  ascending  waters.  It  is 
known  in  only  a  few  places  in  the  United  States,  among  them 
Morenci,  Ariz.,^  where  it  is  associated  with  chrysocoUa  in  limestone. 

Cuprite,  CujO,  is  a  common  mineral  of  the  oxidized  zones  of  deposits 
of  copper  sulphides  and  is  probably  secondary  in  all  its  occur- 
rences. It  is  an  important  ore  mineral  at  Bisbee,  Ariz.,  where, 
according  to  Ransome,'  it  is  found  in  an  impure  earthy  condition 
mixed  with  limonite  and  ferruginous  clays  or  in  crystalline  masses 
associated  with  native  copper.  The  latter  occurrence  is  particu- 
larly characteristic  of  the  deeper  oxidized  zones  in  the  vicinity  of 
chalcocite  and  other  sulphides.  In  the  Calumet  &  Arizona  mine 
cuprite  is  found  in  large  cr3rstalline  masses.  On  the  950-foot  level 
it  occtirs  in  bunches  in  earthy  ore,  penetrated  by  dendritic  masses 
of  metaUic  copper  and  spotted  with  little  vugs  of  acicular  mala- 
chite. It  is  abundant  at  Morenci,  Ariz.,  at  Cananea,  Sonora,  and 
in  other  western  districts.  At  Morenci,  according  to  Lindgren,' 
it  occurs  normally  at  the  upper  limit  of  the  chalcocite  zone  as  a 
product  of  decomposition  of  chalcocite.  Similar  relations  are 
shown  at  Cananea.  At  Santa  Rita,  N.  Mex.,  abundant  cuprite  and 
native  copper  fill  fissures  in  the  oxidized  zone  and  presumably  are 
secondary  in  the  main  after  chalcocite.  At  Butte,  Mont.,  where  it 
is  sparingly  developed  and  is  not  important  commercially,^  it  gener- 
ally contains  masses  of  native  copper,  the  line  of  contact  between 
them  being  indistinct.'  According  to  Boutwell  •  cuprite  is  not 
abundant  at  Bingham,  Utah,  but  small  grains  covered  with  mala- 
chite were  noted  in  brown  altered  limestone  of  the  Commercial  mine. 
Cuprite  is  present  in  the  upper  portion  of  the  rich  secondary  ore  at 
Ducktown,  Tenn.,  and  in  other  copper  deposits  of  the  southern 
Appalachians.  The  mode  of  its  derivation  from  chalcocite  is  stated 
by  Lindgren  as  follows:^ 

2Cu,S  +  O  =  2C\iS  +  CujO. 


1  Lindgren,  Waldemar,  The  copper  deposits  of  the  Cllfton-Morencl  district,  Arizona:  Prof.  Paper 
U.  S.  Oeol.  Survey  No.  43, 1905,  p.  HI. 

Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona:  Prof.  Paper  U.  8. 
Geol.  Survey  No.  21, 1904,  p.  128. 

•  Lindgren,  Waldemar,  op.  cit.,  p.  106.  ' 

«  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  8.  Geol.  Survey 
No.  74, 1912,  p.  80. 

•  Weed,  W.  H.,  Emmons,  8.  F.,  and  Tower,  G.  W.,  Butte  special  folio  (No.  38),  Geol.  Atlas  U.  8.,  U.  S. 
Geol.  Sufvey,  1897,  p.  6. 

•  Bootwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  8.  Geol. 
Survey  No.  38, 1906,  p.  109. 

T I  lindgren,  Waldemar,  op.  olt,  p.  186. 
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Lindgren  considers  it  improbable  that  ferrous  sulphate  reduces 
cuppc  sulphate  to  precipitate  cuprous  oxide,  since  cupric  sulphate 
and  ferrous  sulphate  appear  to  mix  in  all  proportions  without  reaction. 

Tenorite,  CuO,  the  crystalline  form  of  the  black  oxide  of  copper, 
is  much  less  abundant  than  cuprite.  The  earthy,  sooty  variety, 
known  as  melaconite,  is  said  to  be  present  at  Butte,  Mont.,  where  it 
is  associated  with  cuprite  and  native  copper  and  forms  dark  rims 
about  cuprite.*  According  to  Boutwell  *  scales  of  black  copper 
oxide  with  metallic  luster  occur  with  chalcocite  in  ores  of  Bingham, 
Utah.  At  Bisbee '  melaconite  is  found  in  soft  clayey  ores  on  the 
1,000-foot  level  of  the  Lowell  mine.  Apparently  it  is  now  being 
deposited  along  with  wad  near  the  850-foot  level  of  the  Calumet  & 
Arizona  mine.  At  Ducktown,  Tenn.,  much  of  the  so-called  black 
copper  ore  has  proved  to  be  sooty  chalcocite. 

Copper  pitch  ore  is  a  secondary  material  of  complex  character  and 
somev^'hat  uncertain  composition.  A  sample  from  the  Detroit  mine 
in  the  Morenci  district,  Arizona,*  analyzed  by  Hillebrand,  showed 
oxides  of  copper,  zinc,  and  manganese,  with  considerable  water  and 
siUca.  Material  that  is  probably  of  a  similar  nature  is  fo%nd  at 
Bisbee  and  at  Courtland,  Ariz.,  and  on  the  Ida,  Montgomery,  and 
Amazon  claims  •  at  Butte,  Mont. 

Chalcocite^  CujS,  copper  glance,  is  economically  the  most  impor- 
tant copper  mineral.  In  1906,  according  to  Graton,*  47  per  cent  of 
the  copper  produced  in  the  United  States  was  derived  from  chalcocite 
ores.  In  most  of  its  occurrences  chalcocite  is  clearly  of  secondary 
origin,  for  it  replaces  other  minerals  metasomatically  or  occurs  as 
veinlets  in  smaJl  cracks  in  the  primary  ore.  Well-authenticated 
examples-  are  known  of  its  replacement  of  pyrite,  zinc  blende,  and 
galena.  In  many  deposits  now  worked  in  which  chalcocite  is  the 
principal  mineral  exploration  extends  into  the  lower-grade  primary 
sulphide  ore,  which  generally  consists  of  chalcopyrite,  pyrite,  and 
other  minerals  without  chalcocite. 

Examples  indicating  replacement  of  pyrite  by  chalcocite  are 
numerous.  At  Morenci,  Ariz.,  according  to  Lindgren,^  most  of  the 
ore  bodies  owe  their  origin  to  this  process.     Lindgren  writes: 

By  chalcocitization  the  massive  veins  of  pyrite  become  transformed  into  solid 
masses  of  black  dull  chalcocite,  while  the  sericitized  porphyry  becomes  filled  with 

»  Weed,  W.  H.,  Emmons,  8.  F.,  and  Tower,  O.  W.,  Butte  special  folio  (No.  38),  Geol.  Atlas  U.  8.,  U.  8. 
Oeol.  Survey,  1897,  p.  6. 

s  Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  8.  Geol. 
Survey  No.  38, 1905,  p.  109. 

*  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arixona:  Prof.  Paper  U.  8. 
Geol.  Survey  No.  21,  1904,  p.  128. 

*  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona:  Prof.  Paper  U.  8. 
Geol.  Survey  No.  43, 1905,  p.  114. 

*  Weed,  W.  H.,  Geolog>'  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  8.  Geol.  Survey 
No.  74, 1912,  p.  81. 

*  Graton,  L.  C,  Copper:  Mineral  Resources  U.  8.  for  1906,  U.  8.  Geol.  Survey,  1907,  p.  4ia 
'  Lindgren,  Waldemar,  op.  dt,  p.  185. 
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grains  and  little  seamB  of  the  same  mineral.  The  first  constitutes  high-grade  ores, 
the  second  the  low-grade.  A  residue  of  pyrite,  not  yet  acted  upon,  is  nearly  always 
present.  Thus  a  vein  of  massive  sooty  material  cutting  the  shale  in  the  Montezuma 
mine  contained  96  per  cent  CugS  and  2.4  per  cent  FeS2,  s^d  pyrite  may  be  easily 
seen  in  nearly  every  specimen  of  low-grade  porphyry  ore.  The  pyrite  first  becomes 
coated  with  a  black  stain;  in  a  more  advanced  stage  the  chalcocite  penetrates  the 
pyrite  on  cracks  and  fissures  in  all  directions;  finally  it  almost  entirely  replaces 
it.  *  *  *  Kaolin  gouge  always  accompanies  chalcocite  when  occurring  as  mas- 
sive veins;  in  the  chalcocitized  porphyry  the  process  is  nearly  always  attended  by 
a  formation  of  a  little  brownish  kaolin,  together  with  microcrystalline  quartz  or  more 
often  chalcedony;  these  minerals  encircle  the  pyrite  or  traverse  the  chalcocite  as 
minute  veinlets,  distinctly  later  than  the  alteration  of  the  porphyry  to  sericite  and 
pyrite.  Sericite  does  not  form  during  chalcocitization;  on  the  contrary,  the  kaolin 
is  formed  at  the  expense  of  that  mineral.  ♦  ♦  ♦  The  transition  from  chalcocite 
to  unaltered  pyrite  at  the  lower  limit  of  the  zone  is  remarkably  sudden.  Usually  a 
change  takes  place  within  25  feet,  sometimes  within  10  feet,  from  rich  chalcocite  ore 
to  pyrite  with  one-half  to  1  per  cent  copper.  Chalcopyrite  is  rarely  found  as  a  sec- 
ondary mineral  but  has  been  observed  as  small  grains  inclosed  in  chalcocite  veinlets. 

At  Bingham,  Utah,  according  to  Boutwell,*  chalcocite  incloses 
pyrite  and  chalcopyrite.  At  the  Snowstorm  and  Park  mines^  in  the 
CoBur  d'Alene  district,  Idaho,  chalcocite  and  bomite  ore  are  dissemi- 
nated in  quartzite.  At  the  Park  mine  chalcocite  has  formed  on  pyrite 
and  chalcopyrite.*  In  the  Bisbee  district,  according  to  Ransome,  chal- 
cocite occurs  as  veinlets  in  and  envelopes  around  grains  of  pyrite. 
Limestone  altered  to  white  claylike  material  is  streaked  with  veinlets 
of  chalcocite  and  speckled  with  native  copper.  Some  solid,  compact 
chalcocite  is  associated  with  bomite.*  Examples  of  replacement  of 
pjrrite  by  chalcocite  could  be  multiplied  to  include  occurrences  from 
nearly  every  important  district  of  copper  sulphide  ores  in  the  United 
States. 

In  the  copper  deposits  of  Butte,  Mont.,  which  are  perhaps  the 
largest  in  the  world,  chalcocite  is  an  important  ore  mineral.  The 
bulk  of  the  ore  is  altered  ''granite"  with  disseminated  grains  and 
veinlets  of  chalcocite  intergrown  with  pyrite  or  replacing  that  mineral 
completely.  Distinct  crystals  are  rare.  In  this  district  the  history 
of  the  vein  formation  is  exceedingly  involved,  and  at  least  three 
periods  of  mineraUzation  are  recognized.  The  great  chalcocite 
bonanzas  in  the  upper  levels  at  Butte  were  regarded  by  S.  F.  Em- 
mons, W.  H.  Weed,  H.  V.  Winchell,  and  others  as  secondary,  and  no 
other  interpretation  appears  to  be  warranted  by  their  occurrence  and 
relations.  More  recently,  however,  masses  of  ore  containing  chalco- 
cite have  been  found  as  deep  as  2,800  feet  below  the  surface,  and  Reno 

1  Boutwell,  J.  M.,  EooDomic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  S.  OeoL 
Survey  No.  38, 1905,  pp.  221-222. 
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Prof.  Paper  U.  S.  Geol.  Survey  No.  62, 1908,  p.  91. 

*  Ransome,  F.  L.,  The  geology  and  ore  deposUs  of  the  Bisbee  quadrangle,  Arixona:  Prof.  Paper  U.  8. 
Geol.  Survey  No.  21, 1904,  pp.  123-134. 
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Sales  ^  is  of  the  opinion  that  a  portion  of  the  massive  deep-seated 
chalcocite  at  Butte  is  of  primary  origin.  The  studies  of  polished 
surfaces  examined  microscopically  by  Simpson'  of  ore  from  the 
2,000-foot  level  showed  massive  pyrite  surrounding,  in  the  plane  of 
the  section,  small  and  apparently  isolated  flakes  of  chalcocite.  A 
veinlet  of  ore  from  the  1,000-foot  level  of  the  Leonard  mine  shows 
isolated  idiomorphic  crystals  of  quartz  and  pyrite  surrounded  by 
chalcocite.'  It  is  not  easy  to  account  for  secondary  chalcocite  in 
such  surroundings. 

L.  C.  Graton  noted  that  chalcocite  is  found  as  deep  as  970  feet  in 
the  Bully  Hill  mine,  Shasta  County,  Cal.,  where  it  seems  to  be  below 
the  zone  of  secondary  sulphide  enrichment.  He  says  that  ''there  is 
no  reason  to  believe  that  it  is  secondary."  ^ 

According  to  Lewis,*  chalcocite  is  the  original  and  essential  ore  of 
the  Rocky  Hill  mine,  in  New  Jersey.  Likewise  the  chalcocite  in  the 
region  of  Christiania,  Norway,  is  regarded  by  V.  M.  Goldschmidt*  as 
in  part  a  primary  mmeral. 

The  copper  lodes  of  the  Virgilina  district,  in  Virginia  and  North 
Caroliaa,  described  by  Laney,'  are  of  peculiar  interest  in  this  con- 
nection. The  country  is  an  area  of  schists  and  gneisses  intruded 
by  granite  and  diabase.  The  deposits  are  fissure  veins.  The  level 
of  ground  wat^r  is  50  to  75  feet  below  the  surface  and  the  zone  of 
secondary  alteration  does  not  appear  to  extend  below  250  feet.  The 
important  mines  of  the  district  are  350  to  500  feet  deep  and  the  ore 
from  the  deepest  levels  contains  almost  as  much  chalcocite  as  bomite.* 
The  ores  in  the  deeper  levels  show  little  secondary  fracturing,  and 
from  this  Graton  •  concluded  that  the  chalcocite  is  id  part  of  primary 
origin.  Laney  subsequently  worked  out  the  paragenesis  of  these 
ores  by  a  microscopic  study  of  polished  surfaces.  Some  of  his  sec^ 
tions  *°  show  a  crystallographic  intergrowth  of  bomite  and  chalco- 
cite in  relations  that  suggest  the  iutergrowth  of  quartz  and  feldspar 
in  a  graphic  granite.  It  is  clear  that  these  two  minerals  in  this  ore 
are  contemporaneous,  and  siuce  the  specimens  were  obtained  from 
considerable  depths  in  tight  lodes  it  can  not  reasonably  be  supposed 

1  Soles,  R.  II.,  Diaciission  of  paper  by  F.  L.  Ranaome,  on  "Criteria  of  downward  sulphide  enrichmeiit": 
Econ.  Geology,  vol.  5,  1910,  p.  681. 

s  Slropson,  J.  F.,  The  relation  of  copper  to  pyrite  in  the  lean  copper  ores  of  Butte,  Mont.:  Econ.  Geology, 
vol.  3,  1908,  p.  634. 

•  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  Geol.  Survey 
No.  74, 1912,  p.  76.    For  Weed's  final  conclusions  see  this  bulletin,  p.  176. 

<  Uraton,  L.  C,  The  occurrence  of  copper  in  Shasta  County,  Cal.:  Bull.  U.  S.  Geol.  Survey  No.  430, 
1910,  pp.  104-105. 
f>  Lewis,  J.  v..  Copper  deposits  of  the  New  Jersey  Triaasic:  Econ.  Geology,  vol.  2, 1907,  p.  347. 

•  GoM.sehmidt,  V.  M.,  Die  Kontaktmetamorphose  im  Kristianiagebiet,  1911,  p.  250. 

1  Laney,  F.  B.,  The  relation  of  bomite  and  chalcocite  in  the  copper  ores  of  the  VirgUina  district  of  North 
Carolina  and  Virginia'  Econ.  Geology,  vol.  6^  1911,  pp.  39fMll. 

•  Idem,  p.  399. 

•  Graton,  L.  C,  Copper:  Mineral  Resources  U.  S.  for  1907,  pt.  1,  U.  8.  Oeol.  Survey,  100S,p.  630. 
u  EspeciaUy  that  flj^ured  in  his  PI.  VII.  fig.  2,  p.  400. 
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that  the  minerals  were  deposited  by  cold  sulphate  waters.     Laney^ 
conclude  that — 

Chalcocite  ia  clearly  of  two  periods — one  confiDed  to  the  upper  portions  of  the  vein 
more  recent  than  and  filling  a  network  of  minute  factures  in  the  bomite;  the  other 
contemporaneous  and  intergrown,  often  erystallographically,  with  it.  There  is  no 
evidence  that  any  of  the  bomite  is  of  secondary  origin.  It  is  therefore  believed  that 
in  the  Virgilina  district  the  greater  part  of  the  chalcocite  is  a  primary  mineral  con- 
temporaneous with  the  bomite  and  in  no  way  derived  from  it  or  from  any  other  copper- 
bearing  minerals  by  processes  of  secondary  alteration. 

It  appears  possible  from  these  relations  that  under  some  condi- 
tions chalcocite  is  deposited  as  a  primary  mineral  by  ascending  hot 
waters.  The  intergrowth  of  the  copper  sulphide  in  graphic-like 
pattern  is  a  feature  that  is  difficult  to  explain  on  the  hypothesis  of 
an  origin  from  descending  sulphate  waters.  Ascending  alkaline  hot 
solutions  are  generally  supposed  to  have  deposited  the  primary  ores 
of  nearly  all  the  larger  copper  deposits.  Such  solutions  are  doubt- 
less variable  in  composition.  It  appears  probable  that  under  condi- 
tions where  the  concentration  of  iron  is  low  in  the  solutions  chalcocite 
may  form  as  a  primary  mineral  instead  of  chalcopyrite,  which  is  the 
commoner  primary  ore. 

The  chalcocite  deposits  in  sandstone  and  shale  which  are  very 
widely  distributed  in  the  Southwest  should  be  mentioned  here. 
Many  of  these  deposits  are  in  areas  remote  from  igneous  rocks  and 
appear  not  to  be  related  genetically  to  igneous  processes.  They 
have  doubtless  been  deposited  by  cold  waters  and  some  of  them 
have  replaced  coal  or  other  organic  material.  In  New  Mexico,'  in 
Colorado,'  and  elsewhere,  such  deposits  have  formed  where  there  is 
no  evidence  that  a  sulphide  existed  previously.  In  the  "Red  Beds" 
of  Oklahoma,  10  miles  northeast  of  Stillwater,  in  Payne  County, 
according  to  W.  A.  Tarr,*  veinlets  of  chalcocite  are  found  cutting 
carbonaceous  material.  The  chalcocite  and  bomite  deposits  of  the 
Bonanza  mine  of  the  Chitina  copper  belt,  Alaska,*  probably  have  a 
similar  genesis.  Barite  is  present  in  several  of  these  ore  bodies, 
suggesting  the  agency  of  sulphate  solutions.  Although  these  de- 
posits are  not  secondary  in  the  sense  that  they  have  formed  at  the 
expense  of  older  sulphides,  the  conditions  under  which  they  were 
formed  as  regards  temperature,  pressure,  and  concentration  of  solu- 

1  Laoey,  F.  B.,  The  relation  of  bomite  and  chalcocite  in  the  copper  ores  of  the  Virgilina  district  of  North 
Carolina  and  Virginia:  Econ.  Geology,  vol.  6, 1911,  p.  411. 

«  Lindgren,  Waldemar,  Oraton,  L.  C,  and  Gordon,  C.  H.,  The  ore  deposits  of  New  Mexicor  Prof.  Paper 
U.  S.  Oeoi.  Survey  No.  68,  1910,  pp.  7^77. 

» Emmons,  S.  F.,  Copper  in  the  red  beds  of  the  Colorado  Plateau  region:  Bull.  U.  S.  Oeol.  Survey  No. 
260, 1905,  pp.  221-232.  Emmons,  W.  H.,  The  Cashin  mine,  Montrose  Cotmty,  Colo.:  Bull.  U.  S.  Qeol.  Sur- 
vey No.  285, 1906,  pp.  125-128.  Lindgren,  Waldemar,  Notes  on  copper  deposits  in  Chaflee,  Fremont,  and 
Jefferson  counties,  Colo.:  BulL  U.  S.  Geol.  Survey  No.  340, 1908,  pp.  157-174. 

*  Tarr,  W.  A.,  Copper  in  the  ''Red  Beds"  of  Oklahoma:  Econ.  Geology,  vol.  5, 1910,  p.  223. 

•  Momt,  F.  U.,  and  Maddren,  A.  G.,  Mineral  reBOoroes  of  the  KoteiiUkChiUDa  region,  Alaska:  Bull. 
U.  S.  Qeol.  Survey  No.  374, 1909,  pp.  80-80. 
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tion  are  probably  near  those  which  prevail  in  processes  of  sulphide 
enrichment. 

The  conditions  which  are  assumed  to  exist  where  secondary  chalcocite 
is  precipitated  have  already  been  stated.  The  solutions  contain  copper 
sulphate^iron  sulphate,  and  probably  sulphuric  acid.  Without  much 
doubt  the  iron  is  mainly  in  the  ferrous  state.  Stokes's  equations^ 
indicate  that  ferrous  salt  is  liberated  in  the  reaction.  Winchell* 
states  that  hematite  does  not  form  where  solutions  are  acid,  as  at 
Butte.  According  to  Ransome '  the  formation  of  chalcocite  at  Bisbee 
was  effected  without  the  development  of  ferric  oxide  as  a  by-product. 
At  Globe  Ransome  did  not  detect  hematite  or  ferric  hydrate  in  mi- 
croscopic intergrowths  of  pyrite-chaJcocite  ores.  Lindgren  empha- 
sizes the  presence  of  ferrous  sulphate  as  an  attendant  of  processes 
of  chalcocitization  at  Morenci,*  and  this  is  suggested  by  analyses  of 
waters  from  copper  deposits  of  Ely,  Nev.  One  of  the  deeper  waters 
collected  by  Lawson  carried  9.36  grains  per  gallon  of  ferrous  sulphate 
and  0.4  grain  per  gallon  of  ferric  sulphate.* 

On  the  other  hand,  Kemp  shows  that  iron  oxide  has  formed  be- 
tween covellite  and  chalcocite  in  secondary  ore  of  Copper  Mountain, 
British  Columbia,*  which  suggests  the  possibility  of  hydrolyzation 
of  iron  sulphate — a  reaction  which  in  acid  solution  takes  place  only 
with  the  ferric  salts. 

Experiments  in  the  precipitation  of  chalcocite  have  already  been 
reviewed.  None  of  these  experiments  were  carried  out  under  exactly 
the  conditions  which  probably  exist  in  the  secondary  sulphide  zone. 
Stokes's  experiments  (p.  133)  were  made  at  a  high  temperature  and 
ferrous  sulphate  was  not  introduced.  In  WinchelFs  experiments 
the  chalcocite  was  formed  in  the  presence  of  sulphur  dioxide,  which 
appears  to  occur  very  sparingly,  if  at  all,  in  waters  from  most  copper 
mines,  though  lately  Spencer'  has  indicated  the  possibility  that 
sulphur  dioxide  may  be  formed  by  the  attack  of  cupric  sulphate 
on  pyrite.  Ferrous  sulphate  may  accomplish  a  similar  reduction, 
but  in  experiments  made  by  Mr.  F.  F.  Grout  and  myself  at  the 
University  of  Minnesota  to  test  this  reaction,  no  chalcocite  has  yet 
formed  with  pyrite,  at  the  end  of  one  year. 

In  the  synthesis  of  chalcocite  with  pyrite,  Stokes  found  that 
covellite  was  formed  but  subsequently  changed  to  cuprous  sulphide. 

1  stokes,  H.  N.,  Experiments  on  the  action  of  various  solutions  on  pyrite  and  marcasite:  Eoon. 
Geology,  vol.  2,  1907,  p.  22;  See  also  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Morenci 
district,  Arizona:  Prof.  Paper  U.  S.  Geol.  Survey  No.  43,  1906,  p.  183;  Wells,  R.  C,  The  (jractional  pre- 
cipitation of  sulphides:  Econ.  Geology,  voL  5, 1910,  p.  1. 

*  WlncheU,  H.  V.,  The  synthesis  of  chalcocite  and  its  genesis  at  Butte.  Mont.:  Eng.  and  MIn.  Joor.,  vd. 
76, 1903,  pp.  783-784. 

>  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bbbee  quadrangle,  Arizona:  Prof.  Paper  U.  8. 
Geol.  Survey  No.  21, 1904,  p  157. 

*  Lindgren,  Waldemar,  op.  cit.,  p.  180. 

*  Lawson,  A.  C,  The  copper  deposits  of  the  Robinson  mining  district,  Nevada:  Bull.  Dept.  Geology 
Univ.  CalifoTDia,  vol.  4, 1906,  p.  333. 

*  Kemp,  J.  F.,  Secondary  enrichment  in  ore  deposits  of  copper:  Econ.  Geology,  vol.  1, 1906,  p.  1ft. 
'Spenoer,  A.  a,  ChAloootte  depositiao:  Joor.  Washington  Acad.  SoL,  vd.  3, 1913,  p.  73. 
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(See  p.  133.)  There  are  reasons  for  supposing  that  this  takes  place 
under  conditions  of  sulphide  enrichment,  the  cupric  sulphide  chang- 
ing to  cuprous  sulphide  in  the  presence  of  cupric  sulphate  and  ferrous 
sulphate.  The  cuprous  ion  has  been  looked  for  in  vain  in  at  least 
ten  of  the  analyses  of  mine  waters.  On  the  other  hand.  Wells  has 
shown  that  the  cuprous  ion  probably  does  exist  in  exceedingly  small 
concentration  in  solutions  of  cupric  and  ferrous  sulphate  and  the 
direct  precipitation  of  chalcocite  is  by  no  means  unlikely.  More  data 
on  this  synthesis  are  needed,  especially  some  on  the  synthesis  in  an 
alkaline  environment. 

CovfUite,  CuS,  is  found  in  small  amounts  in  many  mining  districts 
of  North  America  but  is  not  abundant  in  many  of  the  larger  deposits. 
As  a  rule  it  is  associated  with  chalcocite,  and  it  forms  chiefly  as  a 
replacement  of  iron  or  zinc  sulphides.  Weed  *  estimates  that  covel- 
Ute  has  formed  0.5  per  cent  of  the  ore  mined  at  Butte.  In  this  region 
it  is  secondary  and  forms  in  part  as  an  alteration  product  of  chalco- 
cite. It  replaces  zinc  sulphide  at  Morenci,  Ariz.,'  in  the  San  Fran- 
cisco district,  Utah,'  at  the  Poole  mine  in  the  foothill  copper  belt  of 
California,*  and  elsewhere.  At  Lake  City,  Colo.,'  according  to  Irving 
and  Bancroft,  small  masses  of  blue  sulphide,  on  being  broken  into 
minute  cleavage  blocks,  were  found  to  be  sphalerite  thinly  coated 
along  the  numerous  cleavage  surfaces  with  covellite  films. 

In  the  Last  Chance  mine  of  the  Coeur  d'Alene  district,  Idaho, 
lumps  of  covellite  contain  minute  specks  of  chalcopyrite,  from  which 
the  covellite  has  been  formed  as  an  alteration  product.'  It  is  abun- 
dant in  the  disseminated  copper  ores  at  Bingham,  Utah,  according 
to  B.  S.  Butler,'  and  was  noted  by  Boutwell'  coating  chalcopyrite  in 
the  Northern  Light  mine.  It  forms  from  chalcopyrite  and  pyrite  in 
the  Rambler  mine.  Encampment,  Wyo.,  and  in  the  Eureka  pit  at 
Copper  Flat,  Nev.'  At  Ducktown,  Tenn.,  it  covers  pyrrhotite. 
According  to  Lindgren  covelUte  is  found  coating  pyrite  in  sericitized 
porphyry  at  Morenci,  Ariz.,*'  and  it  replaces  pyrite  also  ia  the  Nevada 
Douglas  mine,  near  Yerington,  Nev. 

*  Weed,  W.  E.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  Oeol.  Survey 
No.  74, 1912,  pp.  72,  76. 

>  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona:  Prof.  Paper  U.  S. 
Gcol.  Survey  No.  43,  19a5,  p.  183. 

>  Butler,  B.  8.,  oral  communication. 

«  Rogera,  A.  F.,  .\  new  synthesis  and  new  occurrences  of  coveUlte:  School  of  Mines  Quart,  Columbia 
Univ.,  1911,  p.  300. 

*  Irving,  J.  D.,  and  Bancroft,  Rowland,  Oeology  and  ore  deposits  near  Lake  City,  Colo.:  Bull.  U.  8. 
Gcol.  Survey  No.  478,  1911,  p.  64. 

*  Ransome,  F.  L.,  and  Calkins,  F.  C,  The  geology  and  ore  deposits  of  the  CcBur  d'Alene  district,  Idaho: 
Prof.  Paper  U.  8.  Qeol.  Survey  No.  62, 1908,  p.  92. 

7  Oral  communication. 

*  Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  dbtrict,  Utah:  Prof.  Paper  XT.  8.  Oed. 
Survey  No.  38, 1905,  p.  223. 

*  Rogers,  A.  F.,  A  new  synthesis  and  new  oooorrenoes  of  covellite:  Sohool  of  Mines  Quart.,  yoL  831 
1911,  p.  302. 

u  Lindgren,  Waldemar,  op.  dt.,  p.  IM. 
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Since  the  precipitation  of  cupric  sulphide  from  cupric  sulphate 
solutions  involves  no  change  of  valence,  some  very  simple  equations 
may  be  written: 

ZnS + CuSO^ = CuS + ZnSO^. 

CuFeS, + CuSO,  -  2CuS + FeSO^. 

FeS+CuSO^-^CuS  +  FeSO^. 

H^ + CuSO,  -  CuS + H^,. 

With  pyrite  the  reaction  is  probably  more  involved. 

Like  chalcocite,  covellite  is  formed  in  a  reducing  environment, 
doubtless  in  the  presence  of  ferrous  sulphate,  but  some  ferric  salt  may 
be  present  also.  A  paragenesis  noted  by  Kemp  at  Copper  Mountain, 
British  Columbia,  and  described  by  Catherinet,*  strongly  suggests 
the  presence  of  ferric  ion.  The  copper  minerals,  presumably  sec- 
ondary, were  formed  in  the  following  order:  (1)  Bomite,  (2)  covel- 
Ute  and  limonite,  (3)  chalcocite,  (4)  chalcopyrite  and  chalcocite. 
The  hydrous  iron  oxide  appears  to  have  formed  with  covellite  be- 
tween bomite  and  chalcocite.  In  view  of  the  fact  that  limonite 
forms  from  ferric  rather  than  from  ferrous  salt,  this  association  indi- 
cates the  presence  of  ferric  sulphate.  Possibly  the  iron  was  deposited 
from  suspension.  In  this  connection  the  occurrence  of  considerable 
finely  divided  iron  oxide  suspended  in  deep  waters  at  Ducktown, 
Tenn.,  is  suggestive.  On  the  other  hand,  it  is  known  that  changes 
in  acidity  bring  about  reversals  in  the  state  of  oxidation  of  some  ions 
in  a  solution,  and  the  iron  oxide  may  have  been  precipitated  from 
solution  with  covellite.  The  mass  of  evidence  seems  to  indicate, 
however,  that  the  precipitation  of  oxides  with  copper  sulphides  is 
generally  subordinate. 

Covellite,  Uke  chalcocite,  is  found  in  ores  of  the  ''Red  Beds"  of 
the  Southwest,  where  it  was  deposited  as  a  primary  mineral,  pre- 
sumably from  cold  solutions.  Examples  of  its  deposition  by  ascend- 
ing thermal  waters  are  exceedingly  rare,  but  at  Butte,  Mont.,  it  is 
found  at  depths  as  great  as  1,600  feet  and  in  associations  which, 
according  to  Sales,*  suggest  its  deposition  by  ascending  waters.  A 
suite  of  specimens  from  the  lower  levels  of  the  Butte  mines,  in  a 
collection  at  the  University  of  Minnesota,  shows  covellite  intergrown 
with  tetrahedrite. 

Bomite  J  CujFeS^,  is  found  in  associations  that  indicate  its  formation 
under  many  different  geologic  conditions.  It  has  not  been  clearly 
identified  as  a  pyrogenic  constituent  of  an  igneous  rock,  but  it  is 
a  primary  mineral  of  a  pegmatite  at  Copper  Mountain,  British 
Columbia,^  and  it  is  primar}^  in  many  contact-metamorphic  deposits. 

1  Catherinet,  Jules,  Copper  Mountain,  British  Columbia:  Eng.  and  Min,  Jour.,  vol.  79,  1905,  p.  US. 
Kemp,  J.  F.,  Secondary  enrichment  in  ore  deposits  of  copper:  Econ.  Geology,  vol.  1, 19M,  p.  W. 

s  Sales,  B.  EL,  Discussion  of  pai>er  by  F.  L.  Ransome,  on  "Criteria  of  downward  sulphide  eoriohinient": 
Econ.  Geology,  vol.  5, 1910,  p.  682. 

•  Kemp,  J.  F.,  Secondary  enrichment  In  ore  depoeite  of  copper  Econ.  Geology,  voL  1, 1906,  p.  17;  The 
i61e  of  the  igneous  locka  in  the  fonnttloii  of  Teine:  Trani.  Am.  Inet  liln.  Eng.,  yoL  31, 1902,  ppi.  IS-USL 
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It  occurs  in  lodes  that  were  formed  at  great  depths  and  also  in  some 
that  were  formed  at  moderate  depths,  and  less  abundantly  in  deposits 
remote  from  outcrops  of  igneous  rocks.*  It  is  deposited  on  pyrite  and 
other  sulphides  by  cold  copper  sulphate  waters,  and  in  some  deposits 
it  is  regarded  as  an  important  secondary  sulphide.  As  such  it  is 
usually  much  less  abundant  than  chalcocite.  According  to  Sales' 
it  is  both  primary  and  secondary  at  Butte,  Mont.,  where  it  results 
from  alterations  of  pyrite,  chalcocite,  and  enargite  and  is  a  transition 
product  between  pyrite  and  chalcocite.  According  to  Weed '  it  is 
found  mainly  above  the  1,000-foot  level.  Sales  states  that  "bomite 
does  not  often  result  from  the  action  of  downward-moving  surface 
waters  but  is  generally  a  product  of  ascending  solutions."  Graton  * 
regards  it  as  a  primary  mineral  in  the  copper  deposits  of  Shasta 
County,  Cal.,  in  some  of  wliich  it  is  found  as  far  as  970  feet  below  the 
surface.  At  Bingham,  Utah,*  bomite  is  intimately  associated  with 
chalcopyrite  in  the  large  replacement  ore  bodies.  It  is  a  secondary 
mineral  at  Rio  Tinto,  Spain.* 

ChaJcopyritey  FeCuS,,  in  the  greater  number  of  its  occurrences  is 
clearly  primary,  and  in  many  sulphide  deposits  it  is  the  only  important 
primary  copper  mineral  in  the  unaltered  ore.  A  list  of  occurrences 
of  primary  chalcopyrite  would  include  nearly  all  important  deposits 
of  copper  ore  in  the  United  States.  It  is,  however,  a  "persistent" 
mineral,  and  evidence  is  rapidly  multiplying  that  it  is  secondary 
in  many  deposits.  At  Bingham,  Utah,  according  to  Boutwell,' 
chalcopyrite  is  the  most  important  primary  copper  mineral.  It  is 
intimately  associated  in  physical  mixtures  with  pyrite,  much  of  the 
pyritic  ore  carrying  3.5  per  cent  of  copper.  In  the  disseminated 
secondary  ores  in  porphyry  a  considerable  part  of  the  copper  is  in 
chalcopyrite.  Since  it  is  most  abundant  in  crushed  and  altered 
areas,  and  since  it  generally  occurs  along  fractures,  Boutwell  regards 
it  as  formed  subsequent  to  the  soUdification  of  the  porphyry  but 
does  not  state  the  nature  of  the  solutions  which  deposited  it. 
It  is  a  primary  constituent  of  the  quartz  monzonite  at  Butte,  Mont., 
and  also  of  the  copper  ores,  but  according  to  Weed  *  it  is  not  an 

1  Lindgren,  Waldemar,  Oraton,  L.  C,  and  Gordon,  C.  H.,  The  ore  deposits  of  New  Mexico:  Prof.  Paper 
U.  8.  Oeol.  Survey  No.  68,»1910,  pp.  77-78. 

)  Sales,  R.  H.,  Discussion  of  paper  by  F.  L.  Ransome,  on  "Criteria  of  downward  sulphide  emirhment": 
Eoon.  Geology,  vol.  6,  1910,  p.  682. 

>  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  Geol.  Survey 
No.  74, 1912,  p.  74. 

•  Graton,  L.  C,  The  occurrence  of  copper  in  Shasta  County,  Cal.:  Bull.  U.  8.  Geol.  Survey  No.  430, 
1910,  pp.  104-105. 

» Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  8.  Geol. 
Survey  No.  38, 1905,  p.  106. 

•  Finlayson,  A.  M.,  The  pyritic  deposits  of  Huehra,  Spain:  Eoon.  Geology,  voL  6, 1910,  p.  419. 
'  Boutwell,  J.  M.,  op.  dt.,  p.  106. 

•  Weed,  W.  H.,  op.  dt,  p.  7«. 
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important  ore  mineral  at  Butte.  At  Globe  it  is  associated  with 
pyrite  in  the  deeper  ores  and  is  abundant  in  some  mines.  It  occuis 
with  specularite  in  the  Old  Dominion,  Gibson,  and  other  mines.^ 
No  secondary  occurrence  is  mentioned  by  Ransome.'  At  Bisbee  it  is 
in  the  main  but  not  altogether  primary.  Some  of  it  is  of  more  recent 
origin  than  pyrite.  Specimens  taken  from  the  periphery  of  the  ore  body 
on  the  seventh  level  of  the  Spray  mine,  near  the  inclosing  altered  and 
pyritized  limestone,  show  massive  chalcopyrite  enveloping  kernels  of 
pyrite,  and  veinlets  of  chalcopyrite  traverse  the  pyritic  nuclei.  Ran- 
some  says:  ^  ''It  is  necessary  to  conclude  that  this  particular  mass  of 
chalcopyrite  was  formed  after  the  pyrite  and  probably  in  part  by 
alteration  or  replacement  of  the  latter."  According  to  Kemp,* 
thin  films  of  later  chalcopyrite  have  been  found  at  Butte,  Mont., 
filling  crevices  between  the  tabular  crystals  of  covellite,  and  it  is 
clearly  a  secondary  mineral  at  Copper  Mountain,  near  Princeton, 
British  Ck>lumbia,^  where  it  is  associated  with  chalcocite  and  covellite 
and  is  probably  later  than  some  of  the  chalcocite  of  the  ore.  In 
Shasta  County,  Cal.,*  it  occurs  with  zinc  blende  in  veinlets  cutting 
the  primary  ore,  and  Graton  regards  it  as  in  part  of  secondary  origin. 
At  Philipsburg,  Mont.,  it  occurs  sparingly  with  zinc  blende  in  veinlets 
which  cut  the  earlier  ore.  In  the  veins  of  Morenci,  Ariz.,^  chalco- 
pyrite is  mainly  a  primary  mineral.  In  a  stope  of  the  Ryerson  mine 
it  is  associated  with  chalcocite.  Of  this  occurrence  Lindgren  says: 
"Such  a  connection  would  suggest  its  origin  as  due  in  this  case  to 
secondary  sulphide  formation  by  solutions  from  above,  for  it  is 
known  that  chalcopyrite,  as  well  as  chalcocite,  may  form  under 
such  conditions.''  Chalcopyrite  is  secondary  in  the  rich  ore  of  the 
Gossan  lead,  Virginia.®  At  Ducktown,  Tenn.,'  and  in  the  Rio  Tinto 
mines,  Spain,*®  chalcopyrite  enrichment  below  the  chalcocite  zone  has 
been  a  process  of  considerable  economic  importance. 

Of  the  chemistry  of  the  precipitation  of  secondary  chalcopyrite 
very  little  is  known.  It  has  not  been  formed  synthetically  by  cold 
sulphate  solutions  in  the  laboratory.     Siaco  it  is  a  sulphide  of  both 

1  RaBSome,  F.  L.,  oral  commnnication. 

s  RaBSome,  F.  L.,  Geology  of  the  Globe  copper  district,  Arizona:  Prof.  Paper  U.  S.  Geol.  Survey  No.  1^ 
1903,  p.  121. 

t  Razuome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona:  Prof.  Paper  U.  S. 
Geol.  Survey  No.  21,  1904,  p.  133. 

4  Kemp,  J.  F.,  Secondary  enrichment  in  ore  deposits  of  copper:  Econ.  Geology,  vol.  1, 1906,  p.  1<L 

frCatherinet,  Jules,  Copper  Mountain,  British  Columbia:  Eng.  and  Min.  Jour.,  vol.  79, 1905,  pp.  12&-126l 

*  Graton,  L.  C,  The  occurrence  of  copper  in  Shasta  County,  CaL:  BulL  U.  S.  Geol.  Survey  No.  430, 1910, 
p.  104. 

'  Lindgren,  Waldemar,  The  copper  deposits  of  the  CUfton-Morenci  district,  Arizona:  ProL  Paper  U.  S. 
Geol.  Survey  No.  43,  1905,  p.  106. 

■  Weed,  W.  H.,  Copper  deposits  of  the  Appalachian  States:  Bull.  U.  S.  Geol.  Survey  No.  455,  19U, 
pp.  120-121. 

t  Emmons,  W.  H.,  and  Laney,  F.  B.,  Preliminary  report  on  the  mineral  deposits  of  Ducktown,  Teon.: 
BulL  U.  S.  Geol.  Survey  No.  470, 1911,  p.  161. 

u  Finlayson,  A.  M.,  The  pyritic  deposits  of  Huelva,  Spain:  Econ.  Geology,  vol.  5, 1910,  pp.  410-42QL 
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copper  and  iron,  and  since  iron  sulphide  dissolves  in  acid,  it  would 
be  supposed  that  chalcopyrite  would  not  be  precipitated  in  more  than 
feebly  acid  solutions,  although  copper  sulphide  may  be  precipitated  in 
solutions  more  highly  acid.  In  view  of  these  relations  it  would  be 
supposed  that  the  precipitation  of  chalcopyrite  would  be  chiefly 
below  the  chalcocite  zone.  Such  relations  are  suggested  by  the 
occurrences  of  these  minerals  in  some  districts,  especiaUy  at  Duck- 
town,  Tenn. 

Enargite,  Cu^AsS^,  is  a  primary  mineral  of  great  value  at  Butte, 
Mont.,  is  present  in  considerable  amount  at  Tintic,  Utah,  and  occurs 
in  less  abundance  at  Bingham,  Utah,  in  Gilpin  County,  Colo.,  and 
elsewhere.  At  Bingham  it  was  found  lining  druses,  showing  that  it 
was  one  of  the  last  minerals  deposited,  but  according  to  Boutwell  ^ 
there  is  no  conclusive  evidence  that  it  was  deposited  by  sulphate 
waters.  The  cnargite  of  Butte,  according  to  Emmons  and  Tower, 
is  primary.'  Weed  *  observes  that  some  of  it  was  deposited,  however, 
by  hot  ascending  solutions  after  the  earlier  chalcopyrite  veins  had 
formed.  Both  Keno  Sales  *  and  A.  N.  Winchell '  regard  enargite 
at  Butte  as  mainly  primary.  It  is  found  in  the  upper  portions  of 
veins  above  the  water  level  at  Butte  and  at  Tintic,  but  in  view  of  its 
great  insolubility*  in  acid  sulphate  waters  it  is  probably  residual. 
Little  conclusive  paragenetic  evidence  is  available  that  it  is  deposited 
by  descending  sulphate  waters.  At  Butte  it  is  intergrown  with 
chalcocite,  but  as  stated  above  some  of  the  chalcocite  of  the  Butte 
deposits  is  probably  primary. 

FanuUinite,  CujSbS4,  is  not  a  common  ore  of  copper,  and  little  is 
known  as  to  its  origin.  I  know  of  no  occurrence  that  has  been 
described  as  secondary.  In  view  of  the  primary  origin  of  enargite, 
its  corresponding  arsenic  salt,  famatinite  also  is  probably  of  primaiy 
origin. 

TetrahedriUf  CugSbjS,,  is  a  comparatively  common  copper  mineral. 
In  most  of  its  occurrences  it  is  of  primary  origin.  Its  genesis  is 
discussed  on  page  124. 

TennarUite,  CujAsjSy,  is  the  arsenic  salt  corresponding  to  tetre- 
hedrite,  but  it  is  not  so  common  as  tetrahedrite.  Its  genesis  is  dis- 
cussed on  page  125. 

1  Bontwell,  J.  M.,  Ecanomio  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  S.  GeoL 
Survey  No.  38, 1905,  p.  108. 

s  Weed,  W.  H.,  Emmons,  S.  F.,  and  Tower,  Q.  W.,  Butt|  special  folio  (No.  38),  OooL  Atlas  U.  8.,  U.  S. 
OeoL  Survey,  1807,  p.  6. 

>  Weed,  W.  H.,  Ore  deposition  and  vein  enrichment  by  ascending  hot  waters:  Trans.  Am.  Inst.  Mini 
Eng.,  vol.  33, 1903,  p.  748. 

*  Sales,  R.  H.,  Discussion  of  paper  by  F.  L.  Ransome,  on  "Criteria  of  downward  sulphide  enrichment": 
Econ.  Geology,  voL  6, 1910,  p.  081. 

•  Winchell,  A.  N.,  idem,  p.  488. 

•Buehler,  H.  A.,  and  Gottsohalk,  V.  H.,  Oxidation  of  sulphides:  Eooo.  Otology,  voL  6, 1010,  p.  SI. 
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SOKE  CHEMICAL  &ELATION8  AND  KZNBBAL8  OF  8ILVXB. 

PRINCIPAL   SILVER  MINERALS. 

The  chemical  composition  of  the  principal  silver  minerals  is  given 
below: 

■J'-''--  *"^ilver Ag. 

^  Ceraigyrite AgCl. 

\S      Bromyrite AgBr. 

^  ^:        Embolite Ag(Cl,Br). 

lodyrite Agl. 

Aigentite AgjS. 

Pyiargyritc ARjSbS,  or  3AgjS.SbaS,. 

Pioustite AgjAsS,  or  SAgjS.As^S,. 

Stephanite Ag5SbS4  or  SAgjS.SbjS,. 

Polybasite Ag^SbS.  or  QAgaS.SbaS,. 

Pearceite AgpAsS^  or  9Ag2S.Afi,S,. 

V  /  Tetiahedrite 4Cu,8.Sb2S,  or  4(Ci^Ag3)S.Sb2S,. 

V^         L  Tennantite  (argentiferous) 4CU3S. As^S,  or  4(C\i^Ag2)S. AajS,. 

Tellurides. 

SOLUBILITIES    OF   SALTS   OF   SILVER. 

The  solubilities  of  several  silver  salts  in  water,  determined  by 
Kohlrausch/  are  as  follows: 


Ag,80« 

AgjCO, 

AgNO, 

Aga 

AgBr 

Agl 

5.5 
.02 

0.03 
.0001 

2134 
8.6 

0.0016 
.00001 

0.0001 
.0000006 

0.000003 
.00000001 

The  upper  number  in  each  colunm  shows  the  number  of  grams  of 
the  anhydrous  salt  held  in  solution  in  a  liter  of  water,  the  lower 
number  shows  the  molar  solubility — the  number  of  mols  contained 
in  1  liter  of  the  saturated  solution  at  18°  C.  A  more  recent  deter- 
mination of  the  solubility  of  AgjSO^  is  7.7  grams  per  liter  at  17°  C* 


NATURE    AND   RELATIONS   OF   THE    SILVER   MINERALS. 

Silver,  like  copper,  is  dissolved  in  dilute  sulphuric  acid,  and  the 
solubility  of  its  sulphide,  like  that  of  the  sulphides  of  copper,  is 
increased  by  the  presence  of  an  oxidizing  agent.  Like  copper,  it  is 
precipitated  in  a  reducing  environment  by  metallic  sulphides  or  by 
hydrogen  sulphide.  Its  sulphide  is  even  less  soluble  than  that  of 
copper.  Unlike  copper,  it  does  not  form  stable  carbonates,  sulphates, 
or  oxides  in  the  oxidizing  zone.  Its  chloride  is  comparatively  insolu- 
ble, however,  whereas  the  chlorides  of  copper  dissolve  more  readily 

1  Detarmlned  by  the  oondaotlvity  method.     See  Smith,  Alexander,  Introduction  to  tauviHiiooheiiiirtrj, 
rev.  ed.,  New  York,  1910,  p.  644. 
s  Euler.  Hans,  t)ber  LasUchkeJtscxnlt  drlgung:  Zeitaohr.  phys.  Chemie,  toL  48, 1904,  p.  8X4 


CHEMIGAL  BEULTIONS  AND  MINBBAL8   OF   SILVER.  115 

and  rarely  accumulate  as  ores.  Although  ferrous  sulphate  and  cop- 
per sulphate  are  compatible  even  in  solutions  of  high  concentration, 
ferrous  sulphate  precipitates  metallic  silver  from  a  dilute  solution  of 
its  sulphate.  As  silver  is  50  to  100  times  as  valuable  as  copper,  the 
natural  processes  which  even  slightly  enrich  silver  ores  are  of  great 
conunercial  interest. 

Silver  sulphate,  which  is  only  slightly  soluble,  is  formed  by  the 
action  of  concentrated  sulphuric  acid  on  silver.  Ostwald  ^  states 
that  silver  sulphate  is  more  soluble  in  dilute  sulphuric  acid  than  in 
water  and  that  in  the  reaction  an  acid  salt  is  probably  formed. 
H.  C.  Cooke,  who  recently  made  a  series  of  experimental  studies  in 
the  solution  and  precipitation  of  silver  compounds,  informs  me  that 
silver  sulphide  is  only  slightly  soluble  in  very  dilute  sulphuric  acid, 
but  that  i  a  little  ferric  sulphate  is  added  to  the  solution  the  solubility 
of  the  sulphide  is  considerably  increased.  He  found  also  that  a  little 
ferric  sulphate  is  almost  as  effective  as  a  considerable  amount  and 
believes  that  the  function  of  ferric  sulphate  is  to  oxidize  any  hydrogen 
sulphide  that  is  formed,  removing  it  from  the  system,  in  which  it 
would  suppress  further  solution  of  silver  sulphide.  According  to 
Vogt'  ferric  sulphate  wUl  itself  attack  metallic  silver.  Like  gold 
chloride,  silver  sulphate  is  easily  reduced  by  many  minerals  deposit- 
ing the  native  metal. 

The  order  of  the  solubility  of  the  chloride,  the  bromide,  and  the 
iodide  of  silver  are  expressed  by  the  order  in  which  they  are  here 
named.  All  of  them  are  very  sparingly  soluble  in  water;  conse- 
quently the  halogens  wUl  precipitate  silver  from  sulphate  solutions 
and  the  halides  may  remain  in  the  upper  portions  of  deposits,  giving 
a  considerable  enrichment  at  or  near  the  surface.  ''In  consequence 
of  the  progressive  insolubility,  a  cold  solution  of  a  bromide  will 
slowly  convert  the  precipitate  of  silver  chloride  into  bromide,  and  a 
soluble  iodide  will  similarly  transform  the  bromide  or  the  chloride 
into  iodide."'  If  the  three  halogens  were  equally  abundant  in  mine 
waters,  the  bromide  and  iodide  of  sUver  would  probably  predominate 
in  the  silver  deposits,  but  chlorine  only  is  abundant.  Consequently 
cerargyrite,  AgQ,  is  much  more  common  than  embolite,  Ag(Q,Br) ; 
bromyrite,  AgBr;  iodobromite,  Ag(Cl,Br,I);  and  iodyrite,  Agl. 

If ,  in  a  solution  containing  the  three  halogens,  chlorides  are  vastly 
in  excess,  silver  chloride  wUl  be  precipitated  first,  even  if  bromides  and 
iodides  are  present,  for  in  mixed  solution  the  least  soluble  salts  are 
not  precipitated  first  if  a  more  soluble  salt  is  present  in  sufficiently 
greater  concentration. 

I  Ottwald,  Wflhfllm,  Tba  prine^lM  of  tnorstnlo  chemistry  (trans,  by  Alaz.  Findlay),  London,  1904, 
p.fl70. 

s  Vogt,  7.  H.!^  Probleiiis  In  tfM  fMlosy  of  on  depoitts,  in  Potepn^,  Frans,  The  senesis  of  ore  deposltB, 
190a,p.t77. 

'Sntth,  Almnte,  Introdootian  to  InocfuilB  tibmaktrj,  rtr.  ed.,  New  York,  1910,  p.  839. 
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The  relations  of  the  balides  of  silver  at  Tonopah,  Nov.,  should  b< 
mentioned  in  this  connection.  According  to  Burgess '  the  aiva 
halides  at  some  places  occupy  fairiy  well  marked  horizons  in  th< 
altered  veins.  The  chloride,  cerai^Trite,  occupies  the  upper  zone 
embolite  the  middle  zone,  and  iodyrite  the  lower  zone.  The  zone; 
are  usually  not  distinct,  and  in  places  two  of  the  minerals  are  toixac 
together.    Of  these  relations  Burgess  says: ' 

-The  order  of  crystallizalion  wu  chloride,  bromochloride,  iodide,  which  is  contnr; 
to  what  would  be  ejipectcd  from  their  respective  aolubilitiea,  nnce  iodide  ia  the  leu 
soluble  and  would  be  expected  to  precipitate  firat.  The  reason  for  this  reversal  m^i 
be  involved  in  the  complicated  set  of  couditious  under  which  the  reactions  occurTe< 
and  the  numerous  other  minerals  present.  The  most  obvious  explanation  ecems  ii 
be  that  the  chloride  was  precipitated  first  because  of  the  great  excess  of  alkalini 
chlorides  in  the  solution,  and  that  as  the  chlorine  became  reduced  in  quantity  it  wa 
partly  replaced  by  bromine,  and  that  the  iodide  was  formed  only  after  the  concen 
tration  of  the  other  halogens  was  considerably  reduced. 

Notwitli.'itanding  the  low  solubilities  of  the  silver  halides,  it  seldon 
happens  that  all  the  silver  dissolved  in  the  upper  parts  of  an  argen 
tiferous  deposit  is  fixed  as  halidos.  The  formation  of  the  chloridi 
near  the  surface  does  not  entirely  inhibit  the  downward  migratioi 
of  silver.  The  secondary  silver  sulphides  are  numerous  and  in  somi 
veins  abundant.  Among  the  reasons  for  the  fairly  extensive  down 
ward  migration  of  silver,  even  whore  chlorides  are  formed,  the  fol 
lowing  may  be  mentioned: 

1.  Chlorides  are  present  in  the  natural  waters  in  some  deposits  u 
amounts  insufhcient  to  precipitate  as  chlorido  all  the  silver  that  goe: 
into  solution  as  sulphate. 

2.  Silver  clUoride  is  itself  slightly  soluble  in  water. 

3.  Silver  cldoride  and  other  hahdes  of  silver  are  soluble  in  ai 
excess  of  alkali  chlorides. 

From  this  it  follows  that  if  a  silver  solution  in  the  upper  part  oi 
a  deposit  contains  a  certain  small  amount  of  alkali  chlorides  some  ol 
the  silver  will  be  ftxed  as  chloride;  but  if  it  contains  sufficient  alkal 
chloride  horn  silver  will  be  dissolved  and  will  migrate  downwaix: 
with  other  metals.  That  some  silver  is  held  in  solutions  containini 
both  sulphates  and  cldorldes  is  shown  by  an  analysis  of  minn  watei 
reported  by  Reid.* 

Silver  is  readily  precipitated  as  argentite  below  the  zone  of  oxida- 
tion on  account  of  the  low  solubility  of  the  sulphide — 0.552x10-*  moh 
per  liter.*  It  stands  near  the  end  of  the  Schuermann  series,  being 
preceded  only  by  mercury,  and  accordingly  it  should  replace  most 
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other  metals  in  sulphide  combinations.  Ferrous  sulphate  formed  by 
the  reaction  of  dilute  acid  and  ferric  sulphate  waters  on  the  several 
sulphides  will  precipitate  metallic  silver  from  sulphate  solutions. 
With  silver  sulphate  (AgjSOJ  hydrogen  sulphide,  which,  under  some 
conditions  at  least,  is  generated  by  acid  reacting  upon  zinc  blende, 
galena,  or  other  sulphides,  gives  argentite,  which  is  one  of  the  most 
important  silver  minerals  in  ores.    The  reaction  is — 

Ag^O^ + H,S  =  Ag,S + H^,. 

If  the  reaction  is  with  galena,  or  if  lead  sulphide  is  precipitated 
simultaneously  with  argentite,  argentiferous  galena  may  be  formed. 
If  arsenic  and  antimony  are  present  in  solution,  the  complex  sulpho- 
salts  of  these  metals  may  be  formed.  Of  these  pyrargyrite  is  prob- 
ably the  most  abundant.  Very  little  is  known  of  the  manner  of 
formation  of  the  arsenic  and  antimony  compounds.  That  both  are 
dissolved  in  underground  water  is  indicated  by  the  small  amounts 
of  arsenic  and  antimony  in  gossans  and  oxidized  zones  of  deposits 
which  contain  more  of  these  metals  in  depth.  Although  several 
samples  of  mine  waters  show  traces  of  arsenic  and  antimony,  few 
waters  contain-  appreciable  quantities  of  these  elements.  The 
synthesis  of  the  complex  compounds  they  form  is  difficult  under 
the  conditions  that  are  assumed  to  exist  where  sulphide  enrichment 
takes  place.  It  is  generally  supposed  that  most  of  them  may  be 
either  primary  or  secondary.  The  data  now  available  indicate  that 
pyrargyrite  and  proustite  are  nearly  everjrwhere  secondary  minerals; 
that  stophanite,  polybasite,  and  pearceite  are  secondary  in  most  of 
their  occurrences;  that  tetrahodrite  and  tennantite,  wliich  frequently 
contain  silver  as  well  as  copper,  are  in  general  primary.  The  two 
minerals  last  named  are  found  at  some  places  in  cracks  that  cut  the 
primary  ore,  but  it  is  not  clear  that  their  occurrence  is  related  to 
the  present  topographic  surface. 

In  the  subjoined  table  the  more  important  antimony  sulphosalts 
of  silver  are  put  in  the  first  column,  the  arsenic  sulphosalts  in  the 
second.  Tetrahedrite  and  tennantite  are  included,  for  they  are  fre- 
quently argentiferous.  i 

Rather  common,  o  ,j  Rare.    ■ 

Pyrargyrite=3Ag2S.SbaS,.  Proustite =3  Ag^S.AejSj. 

Tetrahedrite=4Cii2S.Sb2S3.  Tennantite =-lCuaS.A82S,. 
Stephanite=5Ag2S.Sb2S3. 

Polyba8ite=9Ag^.Sb2S,.  Pearceite =9  AgjS.AeaS,. 

The  minerals  in  the  first  column  are,  as  a  rule,  much  more  abund- 
ant and  they  are  of  conmioner  occurrence  than  the  corresponding 
minerals  in  the  second  column.  Proustite  is  probably  less  com- 
mon and  less  abundant  than  pyrargyrite,  tennantite  less  common 
and  less  abundant  than  tetrahedrite.  Polybasite  is  not  an  uncom- 
mon mineral^  but  pearceite  has  been  identified  at  only  a  few  places. 
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If  the  antimony  sulphosalts,  where  secondary,  have  been  deposited 
mainly  as  results  of  reactions  of  silver-bearing  sulphate  waters  on 
stibnite,  it  would  appear  that  arsenic  minerals  are  less  common  than 
the  antimony  minerals  or  else  that  they  are  less  readily  replaced 
under  the  conditions  that  exist  in  veins. 

Although  there  is  no  invariable  rule  respecting  the  relations  of 
the  silver  chloride,  the  native  metal,  the  sulphide,  and  the  arsenic 
and  antimony  sulphosalts  in  deposits  containing  all  these  minerals, 
yet  in  some  such  deposits  some  of  these  minerals  have  fairly  well 
defined  horizons.  The  chloride  is  most  abundantly  developed  above 
the  argentite  ore;  the  antimony  and  arsenic  sulphosalts  are  found 
witli  and  below  the  argentite.  The  native  metal  is  found  with  the 
chloride,  and,  overlapping  the  zone  of  chloride  ores,  it  extends  down- 
ward with  argentite.  In  the  Granite-Bimetallic  mine,  at  Philips- 
burg,  Mont.,  the  deeper  secondary  ores  contain  very  little  argentite 
or  native  metals,  the  richer  minerals  being  almost  exclusively  the 
dark  and  the  light  ruby  silver.  At  Georgetown,  Colo.,  according  to 
Spurr,  Garrey,  and  Ball,  argentite  predominates  in  the  upper  part  of 
the  secondary  sulphide  zones,  and  the  secondary  arsenic  and  anti- 
mony sulphosilver  minerals  are  more  important  below  the  ai^gentite 
zone. 

OCCURBENCB  OF  THE   SILVER  MINESALS. 

Native  silver  is  a  primary  mineral  in  some  deposits,  as  in  the  zeolitic 
copper  ores  of  Lake  Superior,  but  in  sulphide  deposits  it  is  generally 
or  invariably  secondary.  In  some  districts  it  is  among  the  most 
important  ore  minerals.  It  commonly  occurs  as  thin  flakes  or  as 
sheets  plastered  on  the  older  minerals  or  as  veinlets  filling  cracks  in 
the  ore,  and  presumably  has  been  formed  at  many  places  tiirough 
the  reduction  of  silver  sulphides  or  other  silver-bearing  minerals. 
In  the  Aspen  mining  district,  Colo.,  native  silver  coats  crystals  of 
barite  and  is  undoubtedly  of  relatively  late  deposition.  Wire  silver 
piercing  barite  is  found  900  feet  below  the  surface.^  According  to 
Spurr ,^  silver  replaces  organic  remains  in  the  Aspen  district  and  is 
found  probably  600  feet  below  the  level  of  ground  water.  There, 
he  says,  in  consequence  of  reduction  by  carbonaceous  matter  in  the 
'^Weber  shales"  it  has  formed  instead  of  the  complex  salts  of  silver 
I  which  generally  constitute  the  richer  ores  in  this  province.  By 
\  processes  of  reduction  native  silver  forms  as  an  alteration  product 
of  many  minerals,  such  as  argentite,  pyrargyrite,  proustite,  poly- 
basite,  and  stephanite.  At  many  places  it  is  pseudomorphous  after 
these.    Vogt'  says   that  the  native  silver  of  Konigsberg,  which  is 

1  Ltndgran,  Waldemar,  oral  oommnTilcatkHL 

« Spurr,  J.  E.,  Geology  of  tba  Aspen  mlnliig  diitilot,  Colorado:  Koo.  U.  8.  GeoL  Barmj,  tqL  H, 
1808,  p.  233;  Ore  deposition  at  Aspen,  Cola:  Beon.  Oeotogy,  toL  4,  1000,  p.  31S. 

•  Vogt,  J.  H.  L.,  Ueber  die  Bildnng  dei  gedlageim  Sitban,  batoodan  daa  KoogrtMCfV  Sttban,  donih 
Saoond&rprooesse  aua  SiUwrglaiis  and  andaran  flfllwwffwn;  Zttiabbt,  pnkL  Oaologla,  rdL  7,  ISBO^  jf^ 
lU-123, 17748L 
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noted  for  its  large  and  beautiful  specimens,  is  formed  by  the  reduc- 
tion of  argentite.  Weed  *  states  that  secondary  silver  ore  at  Butte 
is  probably  first  precipitated  as  argentite,  which  alters  to  the  native 
metal.  In  the  Comstock  lode  native  silver  is  rare  but  has  been 
noted.  At  Georgetown,  Colo.,'  polybasite  is  covered  with  small  specks 
of  native  silver,  which  is  probably  secondary  to  the  polybasite.  At 
Tonopah,  Nev.,  native  silver  is  not  abundant  but  has  been  observed 
coating  cracks  in  the  primary  ore  and  is  entirely  secondary.*  In 
the  CoBur  d*Alene  district,  Idaho,  wire  silver  is  associated  with 
cerusite  and  limonite  in  the  upper  parts  of  several  of  the  lead-silver 
veins.*  It  was  an  important  ore  in  silver  veins  and  in  oxidized  por- 
tions of  copper  veins  at  Butte  and  in  several  other  districts  of  Mon- 
tana. It  was  found  at  Creede,  Colo.,  1,200  feet  below  the  surface. 
In  this  distwt  chalcedony  and  native  silver  form  rich  ore.  The 
native  silver  in  deposits  of  Cobalt,  Ontario,  is  considered  secondary. 
Ferrous  sulphate  precipitates  silver  from  sulphate  solutions,  accord- 
ing to  the  following  reaction:* 

AgjSO^ + 2FeS04  =  2  Ag  +  Fe,  (SO^),. 

This  reaction  doubtless  accoimts  for  some  well-authenticated  occur- 
rences of  native  silver  veinlets  below  the  water  level,  but  many  other 
natural  precipitants  are  known.* 

Cerargyrite,  horn  silver^  jigCl,  is  probably  unknown  as  a  primary 
constituent  of  ores  deposited  by  ascending  hot  waters  but  is  fre- 
quently developed  by  weathering,  alteration^  or  enrichment  at  or 
near  the  outcrops  of  silver-bearing  sulphide  lodes.  A  list  of  its 
occurrences  would  include  nearly  all  sulphide  deposits  in  which 
silver  is  an  important  metal.  In  arid  undrained  areas  it  is  an  im- 
portant ore  mineral,  so  important  that  the  term  *'chloriding''  is 
generally  used  in  such  regions  for  pocket  hunting  near  the  surface. 
At  many  places  even  where  the  primary  sulphide  ores  are  not  profit- 
able the  superficial  chloride  ores  may  be  very  rich.  The  chloride 
ores  generally  pass  into  the  sulphides  below,  and  the  bottom  of  the 
zone  of  ore  carrying  horn  silver  is  generally  above  the  bottom  of  the 
zone  of  secondary  silver  sulphides.  Cerargyrite  is  not  everywhere 
confiined  to  the  shallow  surface  zone,  however.  In  the  Comstock  lode, 
where  it  is  not  particularly  abundant,  it  was  noted,  according  to 
Clarence  King,  at  a  depth  of  900  feet  below  the  surface.     Cerargyrite 

I  Weed,  W.  H.,  Geology  and  on  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  S.  Qeol.  Survey 
No.  74, 1013,  p.  102. 

s  Sporr,  J.  E.,  and  Oarrey,  O.  H.,  Preliminary  report  on  the  oce  deposits  of  the  Qeorgetown  mining  dis- 
tilot,  Colorado:  Boll.  U.  8.  Qeol.  Surrey  No.  280, 1906,  p.  110. 

•  Sporr,  J.  B.,  Geology  of  the  Tonopah  mining  district,  Nevada:  Prof.  Paper  U.  8.  Ged.  Survey  Noc 
42, 1006,  p.  06. 

«  Ransoma,  F.  L.,  and  Calkins,  F.  C,  The  geology  and  ore  deposits  of  the  Cceur  d'Alene  district,  Idaha 
FraC  Fap«  U.  8.  GeoL  Survey  No.  fi2, 1006,  p.  00. 

•  Pwras^  B.  A.  F.,  Jr.,  The  superfldal  attvadon  of  ore  deposits:  Joor.  Geology,  voL  2, 1804,  p.  814. 
•F^  tiM  rrtatbns  of  nattre  silw  and  oopper  mlnenls,  see  this  paper,  p.  07. 
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forms  where  waters  carrying  silver  sulphates  encounter  waters  bear- 
ing chlorides.  Silver  chloride  is  only  slightly  soluble  in  ordinary 
groimd  water  and  is  therefore  fairly  stable  under  surface  conditions. 

Many  deposits  of  cerargyrite  ores  contain  large  amounts  of  manga- 
nese oxide.  In  some  of  these  native  silver  is  present  only  in  small 
quantity.  The  presence  of  manganese  oxide  delays  the  generation 
of  ferrous  sulphate^  which,  as  already  stated,  precipitates  native 
silver  from  ferric  sulphate  solution.  With  manganese  dioxide  in 
the  presence  of  abimdant  chlorides  horn  silver  would  be  precipitated 
rather  than  the  native  metal.  Examples  of  horn-silver  ores  asso- 
ciated with  manganese  oxides  include  the  famous  deposits  of  Lake 
Valley,*  near  Silver  City,  N.  Mex.,  the  deposits  of  the  Exposed 
Treasure  mine,'  near  Mohave,  Cal.,  and  some  silver  deposits  at  Neihart, 
Mont.,'  and  at  Leadville,  Colo.*  Other  deposits,  however,  containing 
appreciable  though  lower  proportions  of  manganese,  contain  con- 
siderable native  silver  with  subordinate  chloride;  a  conspicuous 
example  is  the  Amethyst  vein  of  Creede,  Colo. 

Emholite  and  other  halides. — Embolite,  Ag(Cl,Br);  bromyrite, 
AgBr;  iodobromite,  Ag(Cl,Br,I);  and  iodyrite,  Agl,  are  not  common 
minerals,  for  they  contain  bromine  and  iodine,  which  are  rare  in 
mineral  solutions.  Nwie  pi  them. are, known  to.  have  been_foimed 
in  hot  ascending  solutions.  They  are  in  the  main  even  less  soluble 
in  water  than  cerargyrite  and  are  thwefore  comparatively  stable 
when  once  they  are  formed.  The  mutual  relations  of  the  silver 
halidcs  at  Tonopah,  Nev.,  have  already  been  reviewed  (p.  116). 

Argentite,  AgjS,  is  one  of  the  commonest  and  most  important 
secondary  silver  minerals,  but  it  occurs  also  f^a  primary  mjnAr^l 
It  fills  postmineral  cracks  in  the  secondary  zones  at  Georgetown, 
Colo.,  Neihart  and  Philipsburg,  Mont.,  and  many  other  places. 
Great  bonanzas  of  argentite  were  found  in  upper  levels  on  the  Corn- 
stock  lode.  In  this  lode  it  has  been  identified  as  far  as  3,000  feet 
below  the  surface  but  not  certainly  as  a  secondary  mineral.  At 
Tonopah,  Nev.,*  S(>me  occurrences  of  argentite  are  primary,  but  in 
places  it  coats  crevices  that  cut  the  primary  ore  and  is  evidently 
secondary  also.  Some  of  the  ores  show  argentite  fringing  cerargy- 
rite, as  if  secondary  to  it.     It  is  probably  primary  in  part  at  Butte, 

1  Clark,  Kllis,  The  silver  mines  of  Lake  Valley,  New  Mexico:  Trans.  Am.  Inst.  Min.  Eng.,  yol.  34,  1806, 
p.  148.  Lindf^ren,  Waldemar,  Graton,  L.  C,  and  Gordon,  C.  H.,  The  ore  deposits  of  New  lieodoo:  Prof. 
Paper  U.  S.  Geol.  Survey  No.  68, 1910,  pp.  66,  279. 

s  De  Kalb.  Courtenay,  Geology  of  the  Exposed  Treasure  lode,  Mojave,  Cal.:  Trans.  Am  Inst.  Hin.  Eng., 
TOl.  38,  1906,  p.  319. 

>  Weed.  W.  H..  Geology  of  the  Little  Belt  Mountains.  Montana,  with  notes  on  the  mineral  deposits  of 
the  Neihart,  Barker,  Yogo,  and  other  districts,  accompanied  by  a  report  on  the  petrography  of  the  Igneous 
rocks  of  the  district  by  L.  V.  Pirsson:  Twentieth  Ann.  Rept.  U.  8.  Geol.  Sunrey,  pt  3, 1900,  p.  407. 

« Emmons.  8.  F.,  Geology  and  mining  industry  of  Leadville,  Colo.:  Mon.  U.  8.  G«oL  Survey,  voL  U; 
1880,  p.  562. 

•  Spurr,  J.  £.,  Geology  of  the  Tonopah  mining  diitriet,  Nevada:  Prof.  Paper  U.  8.  QeoL  Survey  No.  4^ 
1906,  pp.  02, 94. 
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Mont.,  and  at  Tintic,  Utah.    Argentite  is  pseudomorphous  after  ruby 
silver  (and  vice  versa)  at  Joachimsthal,  Bohemia. 

Silver  sulphide  is  the  least  soluble  sulphide  of  the  commoner  metals, 
except  mercury  and  bismuth,  and  in  reactions  involving  double 
decomposition  it  would  be  precipitated  from  argentiferous  solutions 
before  all  except  these  sulphides.  A  search  for  pseudomorphs  after 
copper  sulphide,  sphalerite,  and  pyrite  has  shown  surprisingly  few 
clearly  defined  examples,  although  it  probably  does  replace  these 
sulphides  metasomatically.  If  sulphuric  acid  should  in  its  descent 
encounter  a  soluble  sulphide  like  zinc  blende,  hydrogen  sulphide  and 
zinc  sulphate  might  be  formed.  The  hydrogen  sulphide  would  pre- 
cipitate silver  sulphide  from  a  solution  containing  Ag2S04.  Ai^en- 
tite  could  be  precipitated  in  any  of  the  following  reactions: 


H,S  4-  Ag,SO,  =  H,SO,  4-  Ag,S. 
ZnS  4-  AgjSO^  -  ZnSO,  4-  Ag^S. 
PbS  4-  AgjSO^  =  PbSO^  4-  Ag,S. 


The  precipitation  of  argentite  from  silver  sulphate  solution  does 
not  necessitate  a  change  in  valence  like  that  which  takes  place  when 
chalcocite  is  formed. 

Pyrargyrite,  dark  ruby  silver,  3Ag,S.Sb,S„  is  probably  the  most 
important  secondary  silverjnmeral  in  a  large  number  of  silveFmiaes 
in  the  United  States.  So  far  as  known,  it  is  confined  to  epigenetic 
deposits,  and  it  is  particularly  conspicuous  in  many  deposits  of  early 
and  middle  Tertiary  age  in  the  American  Cordillera.  It  is  not  known 
as  a  primary  mineral  of  contact-metamorphic  and  nearly  related 
deposits.  In  the  Granite-Bimetallic  mine,  at  Philipsburg,  Mont., 
pyrargyrite  is  perhaps  the  most  important  mineral.  It  occurs  as 
small  specks  intimately  intergrown  with  quartz  and  stibnite  and  may 
possibly  be  primary,  but  it  is  very  much  more  abundant  as  a  sec- 
ondary mineral  in  this  mine.  Most  of  it  lines  vugs  or  occurs  in  small 
veinlets  that  cut  across  the  banding  of  the  primary  ore,  in  which 
stibnite  is  abundant.  At  Tonopah,  Nev.,  pyrargyrite  coats  crevices 
that  cut  the  primary  ore  and  is  evidently  secondary.^ 

Little  is  known  of  the  synthesis  of  pyrargyrite  under  conditions  of 
sulphide  enrichment.  The  assumption  that  it  forms  under  such- 
conditions  rests  on  paragenetic  evidence  and  the  fact  that  it  fre- 
quently disappears  with  increase  in  depth.  Pyrargyrite  is  an  impor- 
tant ore  mineral  at  Georgetown,  Lake  City,  Ouray,  and  Telluride, 
Colo.;  at  the  Comstock  lode,  Austin,  Tuscarora,  and  other  districts  of 
Nevada;  and  at  Neihart,  Butte,  and  other  places  in  Montana.  At  all 
these  places  it  is  probably,  in  part,  at  least,  of  secondary  origin. 

1  spur,  J.  E.,  Qeology  of  Um  Toooptth  mJninf  dJitriot,  NeT»d«:  Prof.  P»iMr  U.  8.  QmL  Bantj  No.  42; 
1906,  p.  M. 
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Pyrargyrite  is  an  important  constituent  of  the  ore  of  the  funoiB 
silver  mines  of  Zacatecas,  Guanajuato,  and  Padiuca,  Mexico. 
MineralogicaUy  the  ores  of  these  deposits  are  nearly  related  to  those 
of  the  Comstock  lode  and  Tonopah,  Nev. 

On  the  horizon  of  pyrargyrite  at  Lake  City,  Colo.,  the  following, 
from  Irving  and  Bancroft,^  is  a  particularly  dear  statement: 

Ruby  silver  occurred,  bo  £ftr  as  could  be  learned,  in  aU  of  the  mines  at  the  phme  of 
demarcation  between  sulphides  and  oxides  and,  in  generally  decreasLng  quantity, 
to  several  hundred  feet  below  this  level.  Along  cracks  and  fissures  it  occurred  in 
isolated  masses  to  great  depths — for  instance,  at  1,200  feet  in  the  Golden  Fleece  and  at 
1 ,300  feet  in  the  lima.  These  deep  occurrences  are,  however,  uncommon  and  merely 
indicate  the  presence  of  some  easy  line  of  access  for  downward-moving  sohitionB. 

Ruby  silver  has  probably  resulted  from  the  solutions  of  sUver  and  antimony  obtained 
by  the  decomposition  of  the  tetrahedrite  and  possibly  to  some  extent  also  from  the 
ai^entiferous  galena.  The  chemistry  of  both  the  solution  and  reprecipitation  of  the 
aotimonial  and  arsenical  sulphur  compounds  has  not  yet  been  worked  out  in  sufficient 
detail  to  permit  a  statement  of  the  probable  steps  of  the  process,  but  the  geological 
f&ciB  show  that  it  has  occurred.  The  proofs  of  the  Becondar>'  character  of  the  ruby 
silver  are: 

1.  Its  restriction  in  quantity  to  the  upper  levels  of  the  mines. 

2.  Its  invariable  occurrence  as  the  latest  deposited  mineral  in  the  veins,  either  in 
cracks  or  crevices  in  shattered  primary  ore  or  as  crystals  in  cavities. 

3.  Its  occurrence  only  in  isolated  bunches  in  deeper  workings,  where  its  or%in  is 
probably  due  to  the  presence  of  water  channels  that  permit  the  downward  percolation 
of  water  from  above. 

4.  Its  complete  absence  from  the  great  mass  of  deep-seated  ore. 

It  is  clearly  secondary  in  all  of  a  large  number  of  specimens  of  silver  ores  from  the 
Southwest. 

In  some  mines  ruby  silver  is  found  at  very  considerable  depths, 
however,  possibly  below  the  zone  of  secondary  alteration.  At 
Przibram,  for  example,  it  is  said  to  be  found  3,500  feet  below  the 
surface. 

ProuatiUy  light  ruby  silver,  3AgjS.AsjS„  is  similar  to  pyrargyrite 
in  its  occurrence  and  is  conmionly  r^arded  as  a  secondary  mineral. 
Whether  it  is  ever  primary  is  a  moot  question.  Proustite  is  a  second- 
ary mineral  at  Lake  City,  Ouray,  Silverton,  Telluride,  and  Rico, 
Colo.,'  at  Philipsburg,  Mont.,  at  Austin,  Nev.,  in  the  Coeur  d'Alene 
district,  Idaho,'  and  in  several  other  districts.  It  has  been  noted  on 
the  Comstock  lode  but  is  not  abundant  there. 

Discussing  the  genesis  of  argentite,  proustite,  pyrargyrite,  stephan- 

ite,  and  polybasite,  Ransome  *  says: 

It  is  quite  possible  that  further  study  of  ore  deposits  may  result  in  showing  that 
some  of  these  minerals,  especially  proustite,  are  fully  as  characteristic  of  downward 
enrichment  as  is  chalcocite. 

>  Irving,  J.  D.,  and  Bancroft,  Howland,  Geology  and  ore  deposits  near  Lake  City,  Colo.:  Boll.  U.  & 
Oeol.  Survey  No.  478, 1011,  p.  63. 

*  Idem,  p.  36. 

>  Raaaome,  F.  L.,  and  CaUdns,  F.  C,  The  geology  and  ore  deposlti  of  the  Coenr  d'Alane  dtotrlot,  Idahoe 
Prof.  Paper  U.  8.  Oeol.  Survey  No.  83,  p.  98. 

« Ransome,  F.  L.,  Oriteda  oT  downward  nlphida  enriohmant:  Boon.  Geology,  voL  6, 1910,  pw  21L 
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Sommerlad  ^  prepared  proustite  by  heating  silver  chloride  and 
arsenic  trisulphide,  and  many  other  syntheses  are  known.'  I  have 
no  record  of  the  formation  of  proustite  in  cold  sidphate  waters. 

Stephanitey  brittle  silver,  SAg^S-Sb^S,,  is  an  important  mineral  on 
*he  Comstock  lode,  at  Tuscarora  and  Tonopah,  Nev.,  at  Greorgetown, 
Aspen,  and  Rico,  Colo.,  and  in  many  other  silver  districts.  It  gener- 
ally accompanies  ruby  silver  and  polybasite,  and  in  some  districts 
it  occm^,  like  them,  in  cracks  cutting  the  primary  ore.  On  the 
Comstock  lode,  according  to  King,*  broken  fragments  of  quartz 
themselves  containing  ore  have  been  recemented  by  sheets  of  steph- 
anite.  In  general  its  occurrences  in  the  United  States  are  not  clearly 
described,  and  its  genesis  is  more  or  less  uncertain. 

Polyhasite,  QAgjS.SbjS,,  is  commonly  a  secondary  mineral.  It 
occurs  at  Georgetown,  Colo.,  in  cracks  cutting  the  primary  ore,*  and 
in  the  main  is  related  to  the  present  surface.  At  Neihart,  Mont.,^  it 
occurs  in  postmineral  fractures  and  in  vugs  and  incrusts  primary 
sulphides.  It  occurs  with  barite  in  the  MoUie  Gibson  mine  at  Aspen, 
Colo.,  where  it  alters  to  native  silver.*  It  is  probably  secondary  in 
the  Comstock  lode,  Nevada,  and  in  several  districts  in  San  Juan,  Colo. 
At  Tonopah,  Nev.,^  polybasite  is  found  as  deep  as  500  feet  below  the 
surface  in  fractures  that  cut  older  sulphides,  but  according  to  Spurr 
it  is  not  certain  that  it  was  deposited  by  descending  solutions.  In 
many  other  districts  it  is  regarded  as  a  secondary  mineral,  for  it  is 
not  abimdant  in  the  deeper  levels. 

Although  polybasite  has  been  formed  synthetically  no  record  of 
its  synthesis  from  cold  sulphate  waters  is  available.  H.  C.  Cooke  * 
treated  powdered  stibnite  with  cold  dilute  silver  sulphate  solution 
and  obtained  a  rich  antimony-silver  ore  but  did  not  identify  the 
material  as  polybasite. 

Pearceitey  QAgjS.AsjS,,  is  less  common  than  the  corresponding 
antimony  salt,  polybasite.  It  is  generally  assimied  to  be  secondary. 
According  to  Weed,*  it  constitutes  much  of  the  rich  silver  ore  of 

1  Sommerlad,  Hermami,  t)ber  einige  Versuche  zur  Herstellong  von  SuUantimoniten  und  SuUarseniten 
des  Silbers  auf  trockenem  Wege:  Zeitschr.  anorg.  Chemie,  vol.  15,  1897,  p.  177;  t)ber  Versuche  sur  Dar< 
stellung  von  Sollantimoniten  und  SuUarseniten  des  Silbers,  Kupfexs  und  Bleis  auf  trockenem  Wege: 
Idem,  vol.  18, 1»8,  pp.  4a(M47. 

•  Clarke,  F.  W.,  The  data  of  geochemistry;  2d  ed.:  BuU.  U.  8.  Oeol.  Survey  No.  491, 1011,  p.  624. 

•  King,  Clarence,  The  Comstock  lode:  U.  8.  Geol.  Expl.  40th  Par.,  vol.  3, 1S70,  p.  81. 

•  Spurr,  J.  £.,  and  Oaney,  O.  H.,  Economic  geology  of  the  Georgetown  quadrangle  (together  with  the 
Empire  district),  Colo.,  with  general  geology  by  8.  H.  Ball:  Prof.  Paper  U.  8.  Geol.  Survey  No.  63, 1908, 
p.  261. 

»  Weed,  W.  H.,  Geology  of  the  Little  Belt  Mountains,  Mont.,  with  notes  on  the  mineral  deposits  of  the 
Neihart,  Barker,  Yogo,  and  other  districts,  accompanied  by  a  report  on  the  petrography  of  the  igneous 
rocks  of  the  district  by  L.  V.  Pirsson:  Twentieth  Ann.  Rept.  U.  8.  Qeol.  Survey,  pt.  3, 1900,  p.  407. 

•  Spurr,  J.  S.,  Geology  of  the  Aspen  mining  district,  Colorado,  with  atlas:  Mon.  U.  8.  Geol.  Survey,  vol. 
81, 1898,  pp.  234-225. 

'  Spurr,  J.  E.,  Geology  of  the  Tonopah  mining  district,  Nevada:  ProL  Tsper  U.  S.  Geol.  Survey  No.  42, 
1906,  p.  05. 

•  Unpublished  data. 

•  Weed,  W.  H.,  The  enrichment  of  gold  and  allvar  veins,  in  Potopn^,  Frans,  The  genesis  of  ore  deposits, 
1902,  p.  4M. 
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Neiliart,  Mont.  Pearceite,  intimately  associated  with  galena,  has 
been  identified  ^  from  the  Mollie  Gibson  mine,  Aspen,  Colo.  In  the 
Drumlimimon  mine,  Marysville,  Mont.,  according  to  Penfield,'  it 
lines  a  rug  and  is  intimately  associated  with  chalcopyrite,  calcite, 
and  quartz. 

Tetrdhedritej  gray  copper,  4Cu2S.SbaS„  is  rather  widely  distributed 
but  is  of  subordinate  importance  as  a  source  of  copper.  The  argen- 
tiferous variety,  freibergite,  is  an  important  source  of  silver  in  many 
deposits.  In  the  San  Juan  region,  Colo.,  tetrahedrite  is  abimdant 
in  many  deposits  and  is  regarded  as  a  primary  constituent  in  this 
region.'  It  is  primary  at  Butte,  but  its  corresponding  arsenic  com- 
pound, tennantite,  is  said  to  be  secondary.^  In  the  Leonard  mine 
some  tetrahedrite  is  later  than  enargite.*  At  Ouray  and  Lake  City, 
Colo.,  according  to  Irving  and  Bancroft,*  it  was  deposited  by  ascending 
hot  waters,  but  mainly  in  the  upper  parts  of  the  lodes,  which  at 
Lake  City  have  a  vertical  range  of  over  5,000  feet.  The  corre- 
sponding arsenic  compound,  tennantite,  has  not  been  recognized. 
Tetrahedrite  appears  to  be  primary  in  Clear  Creek  County,  Colo.^  At 
Cripple  Creek,  Colo.,  it  is  primary  and  persists  to  depths  of  2,000  feet 
below  the  surface.*  It  is  found  also  at  Nevada  City*  and,  intergrown 
with  electrum,  at  Ophir,"  Cal.  At  Elkhom,  Mont.,"  it  is  probably 
the  parent  sulphide  of  rich  altered  silver  ores. 

At  Bingham,  Utah,  according  to  Boutwell,*'  tetrahedrite  is  second- 
ary. Crystals  of  pyrite  are  coated  by  chalcopyrite  and  the  latter  by 
tetrahedrite.  In  the  Centennial  mine,"  in  the  Empire  district,  Colo- 
rado, tetrahedrite  forms  in  cracks  of  chalcopyrite  in  auriferous  lodes 
and  is  said  to  be  derived  from  it.     Tetrahedrite  is  said  to  be  second- 

1  Penfleld,  S.  L.,  On  pearceite,  a  sulpharaenlte  of  silver,  and  on  the  crjrstallitation  of  polybasite:  Proc. 
Colorado  ScL  Soc.,  vol.  5, 1896,  p.  211. 

*  Idem,  pp.  217-218. 

*  Ransome,  F.  L.,  A  report  on  the  economic  geology  of  the  Silvcrton  quadrangle,  Colorado:  Bull.  U.  S. 
Oeol.  Survey  No.  182, 1901,  p.  78;  Criteria  of  downward  sulphide  enrichment:  Econ.  Oeology,  vol.  5, 1910. 
p.  212. 

« Weed,  W.  H.,  Emmons,  S.  F.,  and  Tower,  G.  W.,  Butte  special  folio  (No.  38),  Geol.  Atlas  U.  S.,  U.  a 
Geol.  Survey,  1897,  p.  6. 

*  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Montana:  Prof.  Paper  U.  8.  Geol.  Surrey 
No.  74, 1912,  p.  78. 

*  Irving,  J.  D..  and  Bancroft,  Howland,  Geologj'  and  ore  deposits  near  Lake  City,  Colo.:  Bull.  U.  S.  GeoL 
Survey  No.  478, 1911,  pp.  34, 52. 

T  Kemp,  J.  F.,  Secondary  enrichment  in  ore  deposits  of  copper:  Econ.  Geology,  vol.  1, 1906,  p.  22. 
I  Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Geology  and  gold  deposits  of  the  Cripple  Cftek  district, 
Colorado:  Prof.  Paper  U.  S.  Geol.  Survey  No.  64, 1900,  pp.  121-122. 

*  Lindgren,  Waldemar,  The  gold-quartz  veins  of  Nevada  City  and  Grass  Valley  districts,  Oalifomia: 
Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2, 1896,  p.  119. 

M  Lindgren,  Waldemar,  The  gold-silver  veins  of  Ophir.Cal.:  Fourteenth  Ann.  Rept.  U.  S.  Geol.  Sonrsj, 
pt.  2, 1894,  p.  273. 

"  Weed,  W.  II.,  Geology  and  ore  deposits  of  the  Elkhom  mining  district,  Jefferson  County,  Mont.: 
Twenty-second  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  2, 1901,  p.  450. 

IS  Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  S.  OeoL 
Survey  No.  38, 1905,  pp.  107, 220,  222-223. 

»  Spurr,  J.  E.,  and  Garrey,  G.  H.,  Eoonomio  geology  of  the  Georgetown  quadrangle  (together  with  the 
Empire  district),  Colorado,  with  general  geology  by  S.  H.  Ball:  Prof.  Paper  U.  S.  QeoL  Sarrey  No.  63, 1908, 
1^148. 
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Rio  TintO;  Spain.^  The  interesting  occurrences  of  primary  tetrahe- 
drite  veinlets  which  cut  older  sulphides  in  the  Mina  Mexico  vein, 
Sonora,'  are  mentioned  on  page  46. 

Tetrahedrite  has  not  been  formed  synthetically  under  conditions 
that  prevail  in  the  secondary  sulphide  zone.  The  formula  of  the 
argentiferous  variety,  freibergite,  has  been  written  as  a  combination 
of  chalcocite,  ai^entite,  and  stibnite — 4(Cu3SJLg^)Sb,S, — but  since 
these  minerals  have  dark  streaks  and  freibergite  has  a  reddish-brown 
streak,  this  interpretation  of  the  formula  is  open  to  question.  Possi- 
bly the  ruby-silver  molecule  is  present. 

Tennantiie^  4CUJS.AS3S3,  is  regarded  as  having  the  same  range  of 
occurrence  as  the  corresponding  antimony  sulphide,  tetrahedrite.  It 
is  not  so  common,  however,  and  comparativdy  few  detailed  descrip- 
tions of  its  occurrence  as  a  secondary  mineral  are  available.  It  is 
said  to  be  secondary  at  Butte,  Mont.,*  where,  according  to  Emmons 
and  Tower,  it  seems  to  result  from  the  decomposition  of  enargite, 
with  which  it  is  alwavs  associated. 

Other  silver  minerals, — Several  other  silver  minerals,  all  compara- 
tively rare  species,  have  been  regarded  as  secondary.  Among  these  are 
stromeyerite,*  AgCuS;  dyscrasite,*  Ag^b(t);  and  possibly  stetefeldt- 
ite.*  Of  these,  stromeyerite  corresponds  in  composition  to  argen- 
tiferous chalcocite.  In  the  Yankee  Girl  mine,  near  Silverton,  Colo. 
it  is  associated  with  chalcocite  and  bomite.  Since  secondary  sul- 
phides of  silver  and  copper  are  precipitated  together,  it  would  be  sup- 
posed that  stromeyerite  would  develop  in  many  deposits.  The  silver 
compound  in  argentiferous  chalcocite  has  not  yet  been  identified, 
however. 

SOME   CHEMICAL  RELATIONS  AND  MINERALS  OF  GOLD. 

SOLUBILITY   OF   GOLD. 

Although  gold  belongs  to  the  same  chemical  family  as  copper  and 
silver  it  differs  in  many  respects  from  both  these  metals.  It  forms  no 
insoluble  compound  in  the  oxidized  zone  and  its  sulphide  is  not 
precipitated  by  mineral  waters.  Unlike  copper  and  silver  it  is 
insoluble  in  sulphuric  acid.  Wurtz  ^  stated,  in  1858,  that  ferric  sul- 
phate dissolves  gold,  and  his  statement  has  frequently  been  quoted 

1  FinlAyson,  A.  M.,  The  pyritic  deposits  of  Huelva,  Spain:  Econ.  Geology,  voL  5, 1910,  p.  411. 

*  Hynes,  D.  P.,  Notes  on  the  geology  of  the  Mina  Mexico  vein:  Eoon.  Oeology,  vol.  7, 1912,  pp.  285-286. 

s  Weed,  W.  H.,  Emmons,  S.  F.,and  Tower,  0.  W.,  Butte  special  folio  (No.  38),  Geol.  Atlas  U.  S.,  U.  S. 
Qeol.  Survey,  1897,  p.  6. 

«  Emmons,  8.  ¥.,  The  secondary  enrichment  of  ore  deposits:  Trans.  Am.  Inst.  Min.  Eng.^voL  30, 1901, 
p.  196. 

» Smith,  Qeorge,  The  ore  deposits  of  the  Australian  Broken  Hill  Oonwls  mine,  Brokan  Hill,  New  South 
Wales:  Trans.  Am.  Inst.  Min.  Eng.,  voL  26, 1897,  pp.  00-78. 

•  Spurr,  J.  E.,  Ore  deposits  of  the  Silver  Peak  quadrangle,  Neradft:  Prof.  Paper  U.  8.  GeoL  Surrey  No.  65, 
1906,  p.  120. 

Y  Wurtz,  Henry,  Contributions  to  analytical  chemistry:  Am.  Jour.  80L,  ad  ser.,  vol.  96, 18S8»  p.  61. 


126  IHB  ENBICHMSKT  OF  SULPHIDE  0BB8. 

in  discussions  of  the  processes  of  enrichment  of  gold  deposits.  It  is, 
indeed,  a  common  statement  that  ferric  sulphate  is  the  principal 
agent  in  the  enrichment  of  gold  deposits.  Stokes  ^  showed,  how- 
ever, that  ferric  sulphate  will  not  dissolve  gold,  even  at  200^  C, 
except  in  the  presence  of  a  chloride,  and  its  insolubility  in  ferric 
chloride  and  in  ferric  sulphate  at  ordinary  temperatures  has  been 
verified  by  A.  D.  Brokaw.'  W.  J.  McCaughey  •  found  that  gold  is 
dissolved  in  a  concentrated  solution  of  hydrochloric  acid  and  ferric 
sulphate  and  also  in  a  concentrated  solution  of  hydrochloric  acid  and 
cupric  chloride,  both  experiments  being  carried  on  at  temperatures 
from  38®  to  43°  C.  Pearce,*  Don,*  and  Rickard  •  performed  experi- 
ments in  which  gold  was  dissolved  in  the  presence  of  a  chloride  and 
manganese  dioxide.  Hydrochloric  acid  forms  in  the  presence  of 
sodium  chloride  and  sulphuric  acid,  and  in  the  presence  of  an  oxidiz- 
ing agent  the  hydrogen  ion  is  removed  to  form  water,  leaving  the 
chlorine  in  the  so-called  "nascent  state."  In  this  state  it  is  in  the 
uncombined  or  atomic  condition  and  its  attack  is  more  vigorous.  It 
is  known  that  several  oxides  will  release  "nascent  chlorine"  at  low 
temperatures  if  the  solutions  are  sufficiently  concentrated,  but  in 
moderately  dilute  solutions  manganese  oxides  are  probably  the  only 
common  ones  that  are  appreciably  effective.  Ferric  chloride,  ferric 
sulphate,  and  cupric  salts  are  not  more  than  a  fraction  of  1  per  cent 
as  effective  as  manganese  salts  and  doubtless  this  fraction  is  exceed- 
ingly small.' 

A  number  of  experiments  on  the  solubility  of  gold  in  cold  dilute 
solutions  were  made  at  the  request  of  the  writer  by  Mr.  A.  D. 
Brokaw.*  The  nature  of  these  experiments  is  shown  by  the  follow- 
ing statements,  in  which  a  and  h  represent  dupUcate  tests: 

(1)  Fe,(S0j3  +  H,S0,-f  Au. 

(a)  No  weighable  loss.     (34  days.) 

(b)  No  weighable  loss. 

(2)  Fe^CSOJa  +  HjSO.  +  MnOj-f  Au. 

(a)  No  weighable  loss.     (34  days.) 

(b)  0.00017  gram  loss* 

I  stokes,  H.  N.,  Exx>criments  on  the  solution,  transportation,  and  dei>osition  of  copper,  silver,  and  gold: 
Eeon.  Geology,  vol.  1,  1906,  p.  650. 

3  Brokaw,  A.  D.,  The  solution  of  gold  in  the  surface  alterations  of  ore  bodies:  Jour.  Qeology,  vol.  IB, 
1910,  p.  322. 

*  McCaughey,  W.  J.,  The  solvent  offoct  of  ferric  and  cupric  salt  solutions  upon  gold:  Jour.  Am.  Chem. 
Soc,  vol.  31,  1909,  p.  1263. 

*  Pearoe,  Richard,  Discussion  of  paper  by  T.  A.  Rk:kard,  on  ''The  origin  of  the  gold-bearing  quarts  of 
the  BcndJgo  Reefs,  Australia'' :  Trans.  Am.  Inst.  Min.  £ng.,  vol.  22, 1894,  p.  739. 

» Don,  J.  R.,  The  genesis  of  certain  auriferous  lodes:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  27, 1808,  p,  500. 

•Rickard,  T.  A.,  The  Enterprise  mine,  Rico,  Colo.:  Trans.  Am.  Inst.  Min.  Eng.,  Yd.  26,  1807, pp. 
978^79. 

1  Emmons,  W.  H.,  The  agency  of  manganese  in  the  superficial  alteration  and  seoondaiy  enriohmeiit  of 
gold  deposits  in  the  United  States:  Bull.  Am.  Inst.  Min.  Eng.,  1910,  pp.  78^791. 

•  Brokaw,  A.  D.,  op.  cit.,  pp.  321-326. 

•  This  duplfcate  was  found  to  contain  a  trace  of  Q,  which  probably  accounts  for  the  lam^ 
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(3)  FeCl,  +  HCl4-Au.    * 

(a)  No  weighable  loss.     (34  days.) 
(6)  No  weighable  loss. 

(4)  FeClj  +  Ha+MnOj+Au. 

(a)  0.01640  gram  loss.    Area  of  plate,  383  square  milli- 

meters.    (34  days.) 

(b)  0.01502  gram  loss.     Area  of  plate,  348  square  milli- 

meters. 

In  each  experiment  the  volume  of  the  solution  was  50  cubic  centi- 
meters. The  solution  was  one-tenth  normal  with  respect  to  ferric 
salt  and  to  acid.  In  the  second  and  foui^th  experiments  1  gram  of 
powdered  manganese  dioxide  was  also  added.  The  gold,  assaying 
0.999  fine,  was  rolled  to  a  thickness  of  about  0.002  inch,  cut  into 
pieces  of  about  350  square  millimeters  area,  and  one  piece,  weighing 
about  0.15  gram,  was  used  in  each  duplicate. 

To  approximate  natural  waters  more  closely,  a  solution  was  made 
one-tenth  normal  as  to  ferric  sulphate  and  sulphuric  acid  and  one- 
twonty-fif  th  normal  as  to  sodium  chloride.  Then  1  gram  of  powdered 
manganese  dioxide  was  added  to  50  cubic  centimeters  of  the  solution, 
and  the  experiment  was  repeated.    The  time  was  14  days. 

(5)  Fej(SOj3  4-HjS04  +  Naa+Au. 

No  weighable  loss. 

(6)  Fe3(SOJs+H,S04+Naa+MnO,+Au. 

Loss  of  gold,  0.00505  gram. 

The  loss  is  comparable  to  that  found  in  experiment  4,  allowing  for 
the  shorter  time  and  the  greater  dilution  of  the  chloride. 

Although  the  concentration  of  chlorine  in  most  of  these  experi- 
ments is  greater  than  that  which  is  found  in  many  mineral  waters, 
it  is  noteworthy  that  solution  of  gold  will  take  place  with  even  a 
trace  of  chlorine  (see  experiment  26),  and  without  much  doubt  these 
reactions  will  go  on  also  in  the  presence  of  only  minute  quantities  of 
manganese  oxides. 

The  solution  of  gold  is  probably  most  important,  however,  in  the 
upper  parts  of  the  oxidized  zones  where  most  of  the  pyrite  has  been 
removed,  for  on  oxidation  pyrite  yields  ferrous  sulphate,  which  tends 
to  inhibit  solution.  The  small  amount  of  sulphuric  acid  which  seems 
to  be  necessary  for  the  reactions  could  easily  be  supphed,  even  above 
the  zone  where  pyrite  persists,  by  the  leaching  of  basic  iron  sulphates, 
the  formation  of  which  tends  to  delay  the  downward  migration  of  a 
portion  of  the  sulphuric  add  that  is  released  where  ferric  sulphate 
alters  to  limonite. 
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PBECIPITATION  OF  GOLD  WITH  MANGANESE  OXTOB. 

Where  it  is  held  in  solution  as  chloride,  gold  is  readily  precipitated 
by  ferrous  sulphate,  which,  as  already  stated,  is  formed  by  the  action 
of  acid  on  pyrite  or  other  iron  sulphides.  If  much  manganese  oxide 
is  present,  however,  the  ferrous  sulphate  is  inmiediately  oxidized  to 
ferric  sulphate,  which  does  not  precipitate  gold  from  solutions  in  which 
it  is  held  as  chloride.  In  the  presence  of  manganese  oxides,  there- 
fore, gold  is  not  only  dissolved  in  acid  solution,  but  the  conditions 
under  which  it  is  precipitated  may  be  delayed.  Gold  may  be  carried 
in  acid  solution  so  long  as  the  higher  oxides  of  manganese  are  present. 

In  many  gold  deposits  manganese  oxides  and  gold  are  intimately 
associated  and  without  doubt  have  been  precipitated  together. 
This  association  is  by  no  means  uncommon.  The  deposits  of  the 
Camp  Bird  mine,*  of  the  Tomboy  mine,'  of  the  Amediyst  vein  at 
Creede,  Colo.,'  of  the  Dahlonega  mines,  in  Georgia,*  and  of  mines 
at  Philipsburg,  Mont.,*  are  noteworthy  examples.* 

These  relations  indicate  a  process  by  which  gold  is  precipitated 
along  with  manganese  oxide  in  a  reducing  environment.  On  this 
point  Mr.  R.  C.  Wells  oflFers  the  following  statement: 

The  precipitation  of  manganeee  will  occur  more  and  more  aa  the  solution  loees 
its  acidity.  It  is  well  established  that  manganous  salts  in  an  acid  environment 
are  very  stable;  but  in  neutral  or  alkaline  solutions  they  oxidize  more  vigorously, 
ore  stage  of  their  oxidation  being  the  manganic  salt,  which  hydrolyzee  into 
Mn^Ox.HaO  (manganite)  with  even  greater  ease  than  ferric  salts  into  Umonite. 

In  these  ways  the  migration  of  an  acidic  solution  would  result  in  the  transportation 
of  both  gold  and  manganese.  But  in  a  region  of  basic,  alkaline,  and  reducing  envi- 
ronment the  manganesp  would  be  reprecipitated,  the  free  acid  neutralized,  the  chlo- 
rine absorbed  by  the  bases  and  removed,  and  owing  to  the  accumulation  of  the  ferrous 
or  other  reducing  salts  the  gold  would  be  reprecipitated. 

Some  experiments  in  the  precipitation  of  gold  have  recently  been 
made  by  Mr.  A.  D.  Brokaw,  who  oflFers  me  the  following  data  in 
advance  of  pubHcation.  Into  an  acid  solution  in  which  gold  was 
dissolved  in  the  presence  of  manganese  a  crystal  of  calcite  was  intro- 
duced. On  decreasing  acidity  of  the  solution  with  calciimi  carbo- 
nate gold  was  precipitated  with  manganese  oxide  on  the  surface  and 
in  the  cleavage  cracks  of  the  calcite  crystals.  The  reactions  may  be 
stated  as  follows: 

2AUCI3  +  SMnClj  +  6H305=^2Au  4-  3MnO,  +  12Ha, 
or  2  AuClj  -f  3MnS0,  -f  6Hj05=^2  Au  +  SMnO^  +  3H,S0,  -f-  6UCI, 
.  or  2 Au-^  -f  3Mn++->2 Au  +  3Mn++++. 


>  Ransome,  F.  L.,  A  report  on  the  economic  geology  of  the  Silverton  quadrangle,  Colorado:  Bull.  U.  S. 
0«ol.  Survey  No.  182, 1901,  p.  202. 

*  Purington,  C.  W.,  Preliminary  report  on  the  mining  industries  of  the  Telluride  quadrangle,  Colorado: 
Eighteenth  Ann.  Rept.  U.  S.  Gcol.  Survey,  pt.  3, 1908,  pp.  838-841. 

s  Emmons,  AV.  H.,  and  Larson,  E.  S.,  A  preliminary  report  on  the  geology  and  ore  deposits  of  Creede» 
Colo.:  Bull.  U.  S.  Geol.  Survey  No.  530, 1913,  p.  58. 

*  Laney,  F.  B.,  oral  communication. 

» Emmons,  W.  H.,  and  Calkins.  F.  C,  Geology  and  ore  deposits  of  Philipsburg,  Mont.:  Prof.  Paper 
U.  S.  Geol.  Survey  No.  78  (in  press). 

*  See  also  Tolman,  C.  F.,  jr.,  Secondary  sulphide  enrichment  of  ores:  Min.  and  ScL  Preai,  toL  106^ 
1013,  p.  41. 
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These  reactions  indicate  processes  by  which  gold  held  in  acid 
solution  in  the  presence  of  manganese  salts  may  be  precipitated  in 
the  deeper  zones,  together  with  manganese  oxides,  when  the  solu- 
tions reacting  on  alkaline  minerals  lose  acidity.  In  general,  however, 
the  manganiferous  gold  ores  that  are  formed  in  the  lower  zones  of 
gold  deposits  carry  more  manganese  than  gold  and  a  larger  propor- 
tion of  manganese  than  would  be  precipitated  by  the  reaction  above 
indicated.  Possibly  some  of  the  manganese  is  precipitated  on  neutral- 
ization as  hydroxide,  which  oxidizes  almost  immediately  on  being 
exposed  to  air,  or  perhaps  as  some  other  manganese  compound  that 
is  soluble  In  acid  but  insoluble  in  alkaline  solutions. 

In  some  deposits  there  is  evidence  that  gold  has  been  dissolved 
and  reprecipitated  in  the  surficial  zone,  yet  the  secondary  gold  ore 
carries  no  manganese,  or  at  least  not  more  than  a  trace  of  manga- 
nese compounds.  Such  relations,  according  to  Ransome,^  are  indi- 
cated by  the  gold  veins  of  Farncomb  Hill,  in  the  Breckenridge  dis- 
trict, Colorado,  where  the  secondary  gold  ore  is  almost  free  from  man- 
ganese. It  has  been  stated  that  gold  may  be  precipitated  from  solu- 
tions in  which  it  is  dissolved  as  chloride  either  by  the  neutralization  of 
the  solution  or  by  ferrous  sulphate  generated  by  the  action  of  the 
solution  on  pyrite.  Ferrous  sulphate  will  precipitate  gold  even  from 
strongly  acid  solutions  in  which  manganese  would  still  remain  in 
solution.  It  follows  that  manganese  might  not  be  precipitated  with 
gold  from  acid  solutions  even  where  manganese  dioxide  has  supplied 
conditions  for  its  solution  in  chloride  waters;  but  from  neutralized 
solutions  the  gold  and  manganese  would  go  down  perhaps  simulta- 
neously. Gold  is  precipitated  from  chloride  solution  also  by  native 
metals,  sulphides,  organic  matter,  and  many  other  materials. 

The  size  of  the  particles  of  gold  has  Uttle  value  as  a  means  of  deter- 
mining its  origin.  The  gold  deposited  by  the  reduction  or  the  neutral- 
ization of  manganiferous  compoimds  may  be  finely  pulverulent  or  it 
may  form  nuggets  of  considerable  size.  Mr.  Brokaw ,  in  the  experiments 
cited  above,  where  gold  and  manganese  were  precipitated  on  calcite, 
obtained  masses  of  gold  distinctly  visible  without  a  hand  lens. 

In  some  deposits  the  purity  or  fineness  of  the  gold  may  afford  a 
means  by  which  primary  may  be  distinguished  from  secondary  gold. 
In  a  deposit  in  northern  Nevada  the  rich  gold  ore  is  electrum,  a  light- 
colored  natural  alloy  of  gold  and  silver.  On  this,  deposited  presum- 
ably from  cold  solutions,  are  small  masses  of  dark-yellow  gold  which 
is  apparently  of  great  fineness.  This  criterion  should  be  applied  with 
caution,  however,  and  the  relations  should  be  established  independ- 
ently for  each  particular  deposit,  for  under  some  conditions  doubtless 
secondary  gold  and  silver  are  precipitated  together. 

1  HaafMnm.  F.  L.,  0«>lof7  lod  OTO  depodts  of  ttaa  Brackcnridge  (Uftriot,  Colorado:  Prof.  Paper  U.  S. 
GeoL  Bnryt/No.  75, 1011,  p.  170. 
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SOURCES  OF  MAHGAHSSE  IK  GOLD  DEFOSm. 

It  has  been  shown  that  the  sohition  of  gold  depends  on  the  presence 
of  chlorine  in  the  mineral  waters,  and  the  distribution  of  chlorine  has 
been  discussed  briefly  on  page  66.  But  chlorine  is  an  efficient  solvent 
of  gold  only  when  in  the  ''nascent"  state,  and  under  natural  condi- 
tions nascent  chlorine  is  released  principally  by  manganese  oxides. 
The  sources  and  distribution  of  manganese  are  therefore  of  some 
importance  in  connection  with  the  concentration  of  gold.  The 
important  manganese  minerals  are  listed  below. 

Pyiolusite If  oO,. 

Psilomelane MdO,.2H/). 

Hanganite Mnfi^Mfi, 

Manganopite MnO. 

P>TCDch«)ite Mii(OH),. 

Sxmikite MnS04.H,0. 

Mallaidite MiiS04.7H,0. 

Apjohnite MnSO«.Al2(S04)|.24H,a 

Alabandite MnS. 

Haueiite MnS,; 

ICangaocMdbnite 9Mii0.8l>,Ot. 

Manganiferoufl  calritc (Oa,Mii)CQ,. 

Rhodochroeite BinCO,. 

Rhodonite HnSiOj. 

Amethystine  quartz. 
Many  rock-making  silicates. 

The  commonest  sources  of  manganese  are  probably  the  silicates  of 
iron  and  magnesia.  Manganese  is  more  abundant  in  basic  than  in 
acidic  rocks.  The  average  of  1,038  determinations  of  igneous  rocks  ^ 
is  0.10  per  cent  manganese  protoxide  (MnO),  while  some  contain  more 
than  1.0  per  cent. 

Amethystine  quartz  is  an  important  source  of  numganese  in  some 
auriferous  deposits.  It  is  an  abundant  gangue  mineral  at  Crcede, 
Colo.,  where  it  is  the  chief  primary  soiu'ce  of  manganese.  Some  of 
the  shipments  of  the  ores  from  the  Amethyst  lode  contain  3  or  4 
per  cent  of  manganese. 

Rhodonite  is  closely  allied  to  the  pyroxenes  in  crystallization,  but, 
unlike  them,  it  occurs  as  a  gangue  mineral  formed  by  ascending 
waters  at  moderate  depths.  It  is  found  in  ore  of  the  Camp  Bird, 
Tomboy,  and  other  mines  of  the  San  Juan,  Colo.,  in  the  silver-bearing 
veins  of  Butte,  Mont.,  at  Philipsburg,  Mont.,  and  at  many  other 
places. 

Rhodochrosite  is  more  conmion  in  mines  of  the  United  States  than 
rhodonite.  It  is  present  in  many  veins  of  the  San  Juan,  Colo.,  at 
Butte  and  Philipsburg,  Mont.,  at  Austin,  Nev.,  and  in  many  other 
western  districts. 

>  CItrke,  F.  W.,  The  daU  of  fBoelwiiiistry,  ad  ed.:  Ban.  U.  8.  Q«>L  Suryey  No.  491, 1«U,  p.  S7. 
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Manganiferous  calcite,  an  isomorphoiis  compound  of  rhodochrosite 
and  calcite,  is  a  source  of  abundant  manganese  in  many  later  Tertiary 
deposits  in  Nevada,  Montana,  and  Colorado.  It  is  probably  present 
in  certain  Mesozoic  copper  deposits  of  Shasta  County,  Cal.,  where, 
according  to  Graton,^  wad  occurs  in  the  oxidized  zone. 

Rhodonite  is  considered  primary  in  all  its  occurrences  and 
rhodochrosite  is  deposited  in  the  main  from  ascending  hot  solutions 
also,  but  in  some  occurrences  it  has  been  regarded  as  a  secondary 
deposit  from  cold  solutions. 

Manganiferous  precious-metal  ores  are  in  general  deposited  at 
moderate  depths.  Consequently  they  are  common  in  middle  or  late 
Tertiary  deposits  of  western  North  America  but  very  rare  indeed  in 
contact-metamorphic  deposits  in  the  California  gold  veins  and  in 
deposits  formed  at  equal  or  greater  depths.* 

The  sulphates  of  manganese  are  soluble  and  do  not  accumulate  in 
veins  to  any  important  extent;  all  are  secondary.  The  oxides  and 
hydrous  oxides,  which  are  very  numerous,  are  the  products  of  weather- 
ing of  all  manganese  compounds.  None  of  them  are  knoMm  to  be 
deposited  by  ascending  hot  waters  except  near  the  orifices  of  hot 
springs. 

The  sulphides  of  manganese  are  exceedingly  rare.  Alabandite  has 
been  found  in  the  gold  mines  of  Nagyag,  in  Transylvania;  at  Gersdorf, 
near  Freiberg,  Saxony;  on  Snake  River,  Summit  County,  Colo.;  at 
Tombstone,  Ariz.;  and  at  a  few  other  places.  Hauerite  is  still  less 
common.  I  can  find  no  record  of  its  occurrence  in  the  United  States. 
The  obvious  explanation  for  the  rarity  of  manganese  sulphides  in 
nature  is  their  comparatively  great  solubility  even  in  very  dilute 
acids,  and  their  tendency  to  oxidize  on  exposure  to  air. 

PLACERS  AND  OUTCEOPS. 

Those  deposits  in  which  enrichment  in  gold  is  believed  to  have 
taken  place  are,  almost  without  exception,  manganiferous.  Inas- 
much as  enrichment  is  produced  by  the  downward  migration  of 
the  gold  instead  of  by  its  superficial  removal  and  accumulation,  it 
should  follow  that  both  gold  placers  and  outcrops  rich  in  gold  would 
generally  be  found  in  connection  with  nonmanganiferous  deposits; 
and  this  inference  is  believed  to  be  confirmed  by  field  observations.* 
Placer  deposits  are  in  general  associated  with  nonmanganiferous  lodes, 
and  such  lodes  are  generally  richer  at  the  outcrops  and  in  the  oxidized 

1  Qraton,  L.  C,  The  ooeurreoce  of  copper  in  Shasta  County,  Gal.:  Bull.  U.  S.  Qeol.  Survey  No.  430, 
1910,  p.  100. 

t  Emmons,  W.  H.,  The  ai;ency  of  mongan^aw  in  the  superficial  alteration  and  Moondary  enrtchment  of 
gold  deposits  in  the  United  States:  Bull.  Am.  Inst.  Min.  Eng.  No.  46, 1010,  pp.  813, 814-810. 

*  Idem,  pp.  767-837;  Jour.  Geology,  vol.  19, 1911,  pp.  15-46. 
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zones  than  in  depth,  the  enrichment  being  due,  in  the  main,  to  a 
removal  of  the  material  associated  with  gold.  Even  under  favorable 
conditions,  however,  gold  is  generally  dissolved  less  readily  than  cop- 
per or  silver  and  precipitated  more  readily  than  either.  Consequently 
its  enriched  ores  are  likely  to  be  found  nearer  the  surface.  In  a 
manganiferous  calcite  gangue  gold  may  acciunulate  at  the  very 
outcrop,  for  the  solutions  could  not  long  remain  acid  if  passing 
through  alkaline  rocks.  Some  placer  deposits  even  are  associated 
with  gold  lodes  having  a  manganiferous  calcite  gangue. 

CONCENTRATION   IN   THB   OXIDIZED  ZONE. 

The  concentration  of  gold  in  the  oxidized  zone  near  the  surface, 
where  the  waters  remove  the  valueless  elements  more  rapidly  than 
gold,^  is  an  important  process  in  lodes  which  do  not  contain  manganese 
or  in  manganiferous  lodes  in  areas  where  the  waters  do  not  contain 
appreciable  chloride.  In  the  oxidized  zone  in  some  mines  it  is  diffi- 
cult to  distinguish  the  ore  which  has  been  enriched  by  this  process 
from  ore  which  has  been  enriched  lower  down  by  the  solution  and 
precipitation  of  gold  and  which,  as  a  result  of  erosion,  is  now  nearer 
the  surface.  It  can  not  be  denied  that  fine  gold  migrates  downward 
in  suspension,  but  this  migration  probably  does  not  occur  to  an 
important  extent  in  the  deeper  part  of  the  oxidized  zone.  If  the 
enrichment  in  gold  is  due  simply  to  the  removal  of  other  constituents 
it  is  important  to  consider  the  volume  relations  and  the  mass  relations 
before  and  after  enrichment  and  to  compare  them  with  those  now 
prevailing.  It  can  be  shown  that  the  enriched  ore  in  some  lodes 
occupies  about  the  same  space  that  it  occupied  before  oxidation. 
Let  it  be  supposed  that  a  pyritic  gold  ore  has  been  altered  to  a  limonite 
gold  ore,  and  that  gold  has  been  neither  removed  nor  added.  Limo- 
nite (specific  gravity  3.6  to  4),  if  it  is  pseudomorphic  after  pyrite 
(specfic  gravity  4.95  to  5.10)  and  if  not  more  cellular,  weighs  about 
75  per  cent  as  much  as  the  pyrite.  In  those  specimens  which  I 
have  broken  cellular  spaces  occupy  in  general  about  10  per  cent  of  the 
volume  of  the  pseudomorph.  With  no  gold  added,  the  secondary 
ore  should  not  be  more  than  twice  as  rich  as  the  primary  ore,  even  if 
a  large  factor  is  introduced  to  allow  for  siUca  removed  and  for  cellular 
spaces  developed. 

Rich  bunches  of  ore  are  much  more  common  in  the  oxidized  zone 
than  in  the  primary  sulphides  of  such  lodes.  They  are  present  in 
some  lodes  which  carry  little  or  no  manganese  in  the  gangue  and 
which  below  the  water  level  show  no  deposition  of  gold  by  descending 
solutions.  Some  of  them  are  doubtless  residual  pockets  of  rich  ore 
that  were  richer  than  the  main  ore  body  when  deposited  as  sulphides, 

1  RIckard,  T.  A.,  The  formatioa  of  bonanzas  in  the  upper  portions  of  gold  veins:  Tnuis.  Am.  huL  ifin 
Eng.,  vol.  31, 1908,  pp.  186-2». 
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but  others  are  very  probably  ores  to  which  gold  has  been  added  in 
the  process  of  oxidation  near  the  water  table  by  the  solution  and 
precipitation  of  gold  in  the  presence  of  the  small  amount  of  manganese 
contributed  by  the  country  rock.  In  view  of  the  relations  shown  by 
the  chemical  experiments  it  is  probable  that  a  very  little  manganese 
will  accomplish  the  solution  of  gold,  but  it  requires  considerably  more 
manganese  to  form  appreciable  amounts  of  the  higher  manganese 
compounds  that  delay  the  deposition  of  gold,  suppressing  its  precipi- 
tation by  ferrous  sulphate.  In  the  absence  of  larger  amounts  of  the 
higher  manganese  compounds  the  gold  would  probably  be  precipitated 
almost  as  soon  as  the  solutions  encountered  the  zone  where  any  con- 
siderable amount  of  pyrite  or  other  sulphides  was  exposed  in  the 
partly  oxidized  ore;  for  oxygenated  solutions  dissolve  pyrite,  and 
even  traces  of  the  ferrous  sulphate  formed  in  the  oxidizing  reactions 
precipitate  gold  almost  immediately.  Many  other  sulphides  precip- 
itate gold  very  readily.  From  this  it  follows  that  deposits  showing 
only  traces  of  manganese,  presumably  supplied  from  the  country  rock, 
are  not  enriched  far  below  the  zone  of  oxidation. 

VERTICAL     RELATION     OF     DEEP-SEATED     ENRICHMENT     IN     GOLD     TO 

CHALCOCrnZATION. 

In  several  of  the  great  copper  districts  of  the  West  gold  is  a  valuable 
by-product.  In  another  group  of  deposits,  mainly  of  Tertiary  age 
and  younger  than  the  copper  deposits,  silver  and  gold  are  the  principal 
metals,  and  copper,  when  present,  is  only  a  by-product.  But  in  some 
of  these  precious-metal  ores  chalcocite  is  nevertheless  the  most  abun- 
dant metallic  mineral  and  constitutes  several  per  cent  of  the  vein 
matter.  In  many  ores  it  forms  a  coating,  over  pyrite  or  other  miner- 
als. Some  of  this  ore,  appearing  in  general  not  far  below  the  water 
table,  is  fractured,  spongy  quartz  coated  with  pulverulent  chalcocite. 
A  part  of  it  contains  a  good  deal  of  silver  and  more  gold  than  the 
oxidized  ore  or  the  deeper-seated  sulphide  ore.  Clearly  the  condi- 
tions that  favor  chalcocitization  are  favorable  also  to  the  precipitation 
of  silver  and  gold. 

The  replacement  of  pyrite  by  chalcocite  is,  according  to  Stokes,*  as 
follows: 

5FeS,  +  HCuSO,  +  12H,0  =  7Cu,S  +  5FeS0,  +  12H,S0,. 

This  reaction  is  considered  by  Spencer '  as  comprising  several  stages, 
which  may  be  indicated  as  follows: 

2FeS,  +  2CUSO4  =  Cu,S  +  2FeS0,  +  S. 

3S  +  2CuS0,  =  Cu,S  +  480,. 

6H,0 + 6S0,  +  2CUSO4 = Cu,S  +  6H,S0,. 

>  stokes,  H.  N.,  Experimoits  on  tlie  actfon  of  varioiis  lolaUoDs  of  pyrite  and  marcasite:  Eoon.  Geology, 
▼oL  2, 1907,  p.  22. 
*  Spencer,  A.  C,  Chalcocite  depofitlon:  Jour.  Waafalngton  Aoad.  Set.,  vol.  S,  1913,  p.  73. 
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The  reactions  may  differ  as  to  details,  but  without  much  doubt 
ferrous  sulphate  and  acid  are  set  free.  Attendant  reactions  confirm 
this  statement,  for  if  calcite  is  present  gypsiun  is  formed  by  the  reac- 
tion of  sulphuric  acid  on  lime  carbonate,  and  if  the  wall  rocks  are 
sericitic  kaolin  is  formed  by  the  reaction  of  the  acid  with  potassium- 
aluminum  silicate,  the  potash  going  into  solution  as  sulphate.  The 
abundant  ferrous  sulphate  must  quickly  drive  the  gold  from  solution, 
and  it  apparently  follows  that  there  may  be  no  appreciable  enrich- 
ment of  gold  below  the  zone  where  chalcocitization  is  the  prevailing 
process.  In  deposits  like  disseminated  chalcocite  in  porphyry,  where 
the  chalcocite  occurs  in  flat-lying  zones  conforming  with  the  present 
surface,  where  the  ore  from  which  chalcocite  was  derived  carried 
gold,  and  where  suitable  solvents  were  provided,  the  gold,  at  least 
in  the  upper  part  of  the  chalcocite  zone,  should  be  rather  evenly 
distributed  and  should  increase  and  decrease  in  quantity  with  the 
chalcocite  of  the  secondary  ore.  According  to  report  there  is  a 
fairly  constant  ratio  between  copper  and  gold  in  the  disseminated 
deposits  at  Ely,  Nev.,  and  Bingham,  Utah.  In  the  copper  deposits 
at  Rio  Tinto,  Spain,*  the  secondary  ores  between  the  gossan  and 
the  primary  sidphides  carried  high  values  in  gold  and  silver.  In 
view  of  the  chemical  relations  it  would  appear  that  whatever  gold 
and  silver  are  present  below  a  chalcocitized  pyrite  ore  are,  without 
much  doubt,  primary. 

Gold  and  silver  are  commonly  associated  in  their  deposits,  and  an 
exact  knowledge  of  the  solution  and  precipitation  of  the  two  metals 
in  experiments  where  both  are  present  would  have  great  practical 
value.  Although  gold  is  dissolved  in  chloride  solutions,  silver 
chloride  is  but  slightly  soluble,  and  high  concentration  of  the  two 
metals  could  not  exist  in  the  same  solution.  There  is  so  little  exact 
information  regarding  the  solubilities  of  gold  chloride  and  silver 
chloride  in  solutions  containing  both  metals  that  a  discussion  of 
their  relations  is  little  more  than  speculation,  yet  certain  data  should 
be  considered  in  this  connection.  Silver  chloride  is  slightly  soluble 
in  water,  and  silver  may  be  held  in  small  concentration  in  solutions 
in  which  gold  also  is  dissolved.  A  mine  water  from  the  Comstock 
lode,  according  to  Reid,'  carried  188  milligrams  of  silver  and  4.15 
milligrams  of  gold  in  a  ton  of  solution.  Since  ferrous  sulphate  and 
certain  sulphides  precipitate  both  gold  and  silver  from  acid  solu- 
tion, alloys  of  these  metals  might  form  as  secondary  minerals. 
Since  ferrous  sulphate  is  released  in  the  chalcocitization  of  pjrrite, 
the  secondary  ores  of  gold  and  silver  could  be  deposited  simultane- 
ously with  chalcocite. 


1  Vogt,  7.  H.  L.,  Problems  In  the  geology  of  ore  deposits,  In  Potepn^,  Franx,  The  genesis  of  ore  deposits, 
1902.  p.  «?«. 

*  Reid,  J.  A.,  The  struoture  and  genesis  of  the  Comstock  lode:  BulL  Dept.  Geology  Univ.  Calilonita, 
ynL  4,  No.  10, 1906,  p.  198. 
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GOLD  AND   SILVER  TELLURIDES. 

Petzite,  sylvanite,  krennerite,  and  calaverite  are  tellurides  of  gold 
and  silver,  the  precious  metals  being  present  in  varying  proportions. 
All  are  regarded  as  primary.  Since  hydrogen  tellnride  (H^Te)  is 
made  by  the  action  of  acids  on  metallic  tellurides,  and  since  gold  and 
silver  tellurides  are  insoluble/  telluride  enrichment  appears  to  be 
within  the  bounds  of  probability,  but  no  clearly  defined  examples  of 
secondary  gold-silver  tellurides  are  known  to  me. 

SOME  CHEMICAL  RELATIONS  AND  MINERALS  OF  LEAD. 

PRINCIPAL  LEAD  MINERALS. 

The  chemical  composition  of  the  principal  lead  minerals  is  given 
below: 

Lead .- Pb. 

Minium 2PbO.PbO,, 

Maasicot PbO. 

Plattnerite PbO,. 

Pyromorphite SPbjPaOj.PbClt. 

Cotunnite PbCl,. 

Piumbojaroeite Pb[Fe(0H)j]JS0<]4. 

Leadhillite 4PbO.SO,.2COa.H,0. 

Angleaite PbSO^. 

Certisite PbCO,. 

Galena PbS. 


SOLUBILITIES   OF   LEAD   COMPOUNDS. 


The  solubilities  of  several  lead  compounds,  as  determined  by  Kohl- 
rausch,  are  as  follows: 


PbS04 

PbClt 

PbCO, 

Pb(NO,), 

0.041 
.00018 

14.9 
.06 

0.001 
.00UU3 

616.6 
1.4 

The  upper  number  in  each  column  shows  the  number  of  grams  of 
the  anhydrous  salt  held  in  solution  in  a  liter  of  water  at  18°  C;  the 
lower  number  shows  the  molar  solubility  or  the  number  of  mols 
contained  in  a  liter  of  the  saturated  solution.' 

The  common  salts  of  lead  are  bivalent;  the  rarer  ones  are  quadri- 
valent. As  shown  by  the  table  above,  all  the  common  salts  have 
low  solubilities  except  the  nitrates,  which  are  not  important  in  proc- 
esses of  sulphide  enrichment.  Freshly  precipitated  lead  sulphide  is 
dissolved  sparingly  in  cold  water,  its  solubility  being  0.0000036  mol 
in  a  liter.     (See  p.  57.) 

1  smitli,  Atozander,  IntiwIuotlQii  to  inorfuilo  ohnmiitTy,  nr.  wL,  1910,  p.  408. 
>IdMii, !».  644. 
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The  native  metal  and  the  oxides  of  lead  (minium,  plattneirite,  and 
massicot)  are  of  rare  occurrence. 

Lead  chloride  is  moderately  soluble,  so  cotunnite,  Pbd,,  does  not 
accumulate  in  the  oxidized  zones  of  lead  deposits.  Lead  chloro- 
phosphate,  pyromorphite,  is  much  more  conmion.  Lead  carbonate 
is  very  sparingly  soluble,  so  cerusite,  PbCOj,  is  a  comparative^  stable 
mineral,  as  is  the  sulphate,  anglesite,  PbSO^.  Although  the  solu- 
bility of  the  sulphate  is  low,  it  is  nevertheless  appreciable,  as  is  indi- 
cated in  quantitative  analysis,  for  in  order  to  prevent  loss  a  precipitate 
of  lead  sulphate  formed  in  sulphuric  acid  is  washed  with  alcohol 
rather  than  with  water.  The  transfer  of  lead  as  sulphate  in  small 
yet  appreciable  quantities  was  shown  also  in  the  experiments  of 
Buehler  and  Gottschalk  (p.  49). 

As  would  be  supposed  from  consideration  of  the  relatively  low  solu- 
bility of  its  sulphate,  lead  is  not  extensively  transferred  in  cold  acid 
sulphate  waters.  K.  C.  Wells  has  shown  that  galena  reacts  with  weak 
solutions  of  sulphuric  acid  more  readily  than  pyrite  or  chalcopyrite, 
the  reaction  being  attended  by  the  liberation  of  hydrogen  sidphide 
(p.  69).  Whether  oxygen  is  necessary  for  the  solution  of  lead  sul- 
phide, as  it  is  for  the  solution  of  copper  sulphide,  I  am  unable  to 
state.  The  salts  that  form  under  natural  conditions  have  low  solu- 
bilities and  coat  the  sulphides,  inhibiting  or  at  least  retarding  fur- 
ther action.  Consequently  lead  sulphide  dissolves  slowly.  It  is  dis- 
solved in  acid  to  only  a  slight  extent  and,  like  copper  sulphide,  would 
be  deposited  in  an  acid  environment.  Although  several  primary 
minerals  contain  lead,^  galena  is  the  only  one  of  these  that  is  at 
all  common.  All  the  other  minerals  listed  above — the  chlorides, 
oxides,  sulphates,  and  carbonates — are  probably  formed  as  secondary 
minerals  only. 

The  paragenetic  evidence  that  galena  is  conmionly  precipitated 
below  the  water  level  by  the  reduction  of  acid  sulphate  waters  is  not 
abundant,  but  in  the  greater  number  of  its  occurrences  galena  is 
regarded  as  primary.  Lead,  Uke  gold,  migrates  very  slowly  in  cold 
solutions. 

OCCURRENCE   OF  THE   LEAD  MINERALS. 

Native  lead. — Although  native  lead  is  found  in  a  number  of  lead 
deposits/  it  is  in  very  few  so  abundant  as  to  become  an  important 
ore  mineral.  It  is  probably  formed  by  reduction  of  oxygen  salts  of 
lead. 

Pyromorphitej  SPbjPjOj.PbClj,  is  the  principal  metallic  phosphate 
and  is  the  only  common  lead  mineral  containing  chlorine.  It  is  an 
alteration  product  of  lead  ores  that  are  exposed  to  waters  carrying 

>  aarke,  F.  W.,  The  date  of  gBoehemistry,  2d  ed.:  Bull.  V.  8.  Oeol.  Survey  No.  191, 1911,  p.  0i6. 
s  HinUe,  Carl,  Uandbuch  der  Mineralogie,  vol.  1,  pp.  333-^334. 
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chlorine  and  phosphoric  acid.  At  Philipsburg,  Mont.,  at  Creedey 
Colo.,  and  in  the  C(Bur  d'Alene  district,  Idaho,^  pyromorphite  is 
characteristic  of  upper  parts  of  the  zones  of  oxidation.  In  these 
deposits  it  is  associated  with  limonite  and  commonly  carries  silver, 
possibly  as  finely  divided  cerargyrite. 

Ootunnite,  PbCl,,  as  already  stated,  is  a  comparatively  rare  mineral. 
It  has  been  identified  at  few  places,  one  of  them  in  the  crater  of 
Vesuvius.  Lead  chloride  is  more  soluble  than  lead  chlorophosphate. 
The  accumulation  of  the  chloride  in  the  oxidized  zones  of  lead  deposits 
is  limited  probably  by  the  amount  of  phosphate  available  in  the 
natural  solutions. 

Minium,  massicot^  and  plcMneriU,  all  oxides  of  lead,  are  compara- 
tively rare.    All  are  secondary. 

LeadhUlite,  4PbO.SO,.2C02.II|0,  a  basic  sulphatocarbonate  of  lead, 
is  found  in  ores  altered  by  surface  agencies  and  is  probably  confined 
to  such  deposits. 

AngUsiie,  PbSO^,  is  known  only  as  an  alteration  product.  Most 
commonly  it  forms  from  galena,  but  it  has  been  noted  also  as  an 
alteration  product  of  guitermanite,'  an  arsenic  sulphide  of  lead, 
and  also  of  other  minerals.  According  to  Penrose,*  the  sulphate 
forms  as  an  intermediate  product  when  galena  is  altered  to  cerusite, 
and  at  LeadvUle,  Colo.,  S.  F.  Emmons*  found  that  thin  crusts  of 
anglesite  occurred  between  galena  and  the  crust  of  carbonate  which 
enveloped  it.  It  is  associated  with  carbonates  and  sulphide  in 
oxidized  zones  of  deposits  at  Biogham,  Utah.^  Boutwell  describes 
an  interesting  specimen  consisting  of  a  kernel  of  galena  covered  with 
anglesite,  which  in  turn  is  coated  with  cerusite,  upon  which  is  depos- 
ited yellow  lead  oxide,  probably  massicot.  In  the  sideritic  lead  ores 
of  the  Cceur  d'Alene  district,  Idaho,  according  to  Ransome,'  no 
anglesite  has  been  detected,  but  the  carbonate  appears  to  form 
without  the  intermediate  sulphate. 

Anglesite  is  much  more  conunon  than  cerusite  in  the  oxidized  lead 
ores  of  Lake  City,  Colo.,^  and  is  of  considerable  economic  value  in 
this  district.  In  the  upper  100  feet  of  the  Moro  vein  it  is  particularly 
abundant.     It  is  common  also  in  the  lead  ores  at  Creede,  Colo.* 

>  Raosome,  F.  L.,  and  CaUdns,  F.  C,  The  geology  and  ore  deposits  of  the  Coaiir  d'Alene  district,  Idaho: 
Prof.  Paper  U.  S.  Qeol.  Survey  No.  82, 1906,  p.  103. 

*  Ransome,  F.  L.,  A  report  on  the  economic  geology  of  the  Silverton  quadrangle,  Colo.:  Bull.  U.  S.  Qeol. 
Survey  No.  182, 1001,  p.  87. 

s  Penrose,  R.  A.  F.,  Superficial  alteration  of  ore  deposits:  Jour.  Geology,  vol.  2, 1804,  p.  207. 

*  Emmons,  S.  F.,  Geology  imd  mining  industry  of  Leadville,  Colo.:  Mon.  U.  S.  Ged.  Survey,  vol.  12, 1886, 
p.  546. 

•  Boutwell,  7.  M.,  Economic  geology  of  the  Bingham  nUning  district,  Utah:  Prof.  Paper  U.  S.  Ged. 
Survey  No.  38, 1005,  p.  113. 

•  Ranaome,  F.  L.,  and  Calkins,  F.  C,  op.  dt.,  p.  133. 

r  Irving,  J.  J>.,  and  Bancroft,  Howland,  Geology  and  ore  deposits  near  Lake  City,  Colo.:  Bull.  U.  8. 
GeoL  Survey  No.  478, 1011,  p.  61. 

I  Emmons,  W.  H.,  and  Lanen,  E.  8.,  Geology  and  on  depoeitf  of  Creede,  Colo.:  Bull  U.  S.  GeoL  Survqr 
(in  preparation). 
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CeruaiUj  PbOO,,  is  unknown  as  a  primary  mineral  bat  is  com- 
mon as  an  alteration  product.  It  was  abundant  in  the  upper 
levels  of  mines  at  Bingham,  Utah,  where  it  was  generally  associated 
with  anglesite  and  galena.^  It  is  an  important  ore  mineral  of  the 
deposits  at  Leadville,*  in  some  veins  of  the  CoBur  d'Alene  district,'  at 
Creede,  and  in  several  other  lead-ore  districts.  It  is  most  abundant 
in  deposits  where  the  country  rock  is  limestone  but  is  not  limited  to 
such  deposits.  Very  commonly  the  carbonate  replaces  galena 
metasomatically.  According  to  Penrose  *  lead  sulphate  may  form 
intermediately  between  tlie  sulphide  and  carbonate,  and  its  formation 
is  favored  by  the  lower  solubility  of  the  carbonate.  (See  p.  135.)  In 
the  Cceur  d'Alene  district  the  change  is  not  everywhere  a  metasomatic 
replacement  for,  according  to  Ransome,*  cerusite  is  common  in  little 
vugs  or  crevices  in  the  sulphides,  where  it  is  formed  on  unaltered 
galena  by  solutions  that  have  percolated  downward  from  the  oxidized 
zone.  As  stated  bv  Ransome,  the  oxidation  of  siderite  may  supply 
carbonate  for  cerusite.     The  reaction  is — 

4FeC0,  +  3H,0  +  O,  =  Fe,(OH)eFe,0, + 4C50,. 

With  carbonic  acid  in  solution  cerusite  may  form  as  follows: 

PbSO,  +  H,CO.  =  PbCO, + H,SO,. 

Galena^  PbS,  is  a  "persistent"  mineral — a  mineral  formed  under 
many  natural  conditions.  The  most  important  deposits  of  galena  in 
the  United  States  are  the  disseminated  ores  of  southeastern  Missouri 
and  the  lead-silver  ores  of  the  Coeur  d'Alene  district,  Idaho.*  The 
galena  in  Missouri  is  nearly  pure  lead  sulphide,  has  a  perfect  cleavage, 
and  is  generally  in  cubic  crystals;  the  galena  of  the  Coeur  d'Alene 
district  contains  appreciable  silver,  is  generally  not  so  well  crystal- 
lized, and  has  a  much  less  perfect  cleavage,  so  that  a  freshly  broken 
fracture  resembles  that  of  steel  and  the  mineral  is  called  "steel 
galena '*  by  the  miners.  Some  antimonial  galena  has  a  similar  frac- 
ture. Some  galena  is  rich  in  silver,  which  is  probably  present  as 
finely  divided  argentite,  AgjS. 

The  stability  of  galena  in  the  oxidized  zone  has  aheady  been 
mentioned.  The  relative  insolubility  of  galena  in  natural  waters  is 
shown  by  the  experiments  of  Buehler  and  Gottschalk  (p.  49),  and  is 
confirmed  abundantly  by  observations  in  the  oxidized  zones  of 
deposits.     Galena  is  commonly  found  in  sluice  boxes  of  placer  mines 

1  Boutwell,  J.  M.,  Eoonomio  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  S.  Geol. 
Survey  No.  38,  1905,  p.  112. 

s  Emmons,  S.  P.,  Geology  and  mining  industry  of  Leadville,  Colo.:  Mon.  U.  S.  Oeol.  Survey,  voL  12, 1880, 
p.  546. 

•  Ransome,  F.  L.,  and  Calkins,  F.  C,  op.  cit.,  p.  92. 

•  Penrose,  R.  A.  F.,  Superficial  alteration  of  ore  deposits:  Jour.  Geology,  voL  2, 1894,  p.  207. 
ft  Ransome,  F.  L.,  and  CaUdziSy  F.  C,  op.  oit.,  p»  112. 

•  IdaniypwOl. 
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and  is  plowed  up  in  the  fields  of  the  southwestern  Wisconsin  zinc 
district.  Even  in  districts  where  the  climate  is  comparatively  moist, 
such  as  the  Breckenridge  and  Codur  d'Alene  districts,  galena  is  found 
at  the  very  outcrops  of  some  ore  veins.^ 

In  the  CcDur  d'Alene  district,  according  to  Ransome  and  Calkins, 
there  is  little  evidence  of  enrichment  of  either  silver  or  lead  by  cold 
solutions.  In  the  Breckenridge  district'  the  characteristic  ore  of 
the  upper  levels  is  argentiferous  galena,  more  or  less  altered  to 
cerusite,  whereas  in  the  lower  levels  sphalerite  and  pyrite  become 
increasingly  abundant,  suggesting  enrichment  in  the  upper  levels  by 
addition  of  lead  or  by  subtraction  of  zmc,  or  by  both. 

At  Leadville,  Colo.,  according  to  Blow,'  stringers  of  galena  rich  in 
silver  penetrate  the  limestone  below  the  bodies  of  carbonate  ores. 
As  noted  by  Vogt,*  and  also  by  Finlayson,*  the  pyritic  ore  of  the 
Rio  Tinto  mine  in  Spain  is  cracked  and  is  generally  seamed  with 
deposits  of  chalcocite,  bomite,  chalcopyrite,  and  galena,  and  the 
galena,  according  to  Finlayson,  is  commonly  of  most  recent  forma- 
tion. It  is  not  stated,  however,  that  the  galena  was  deposited  by 
descending  waters. 

Weed'  has  described  secondary  galena  from  the  sulphide  zone  at 
Neihart,  Mont.,  where  it  is  associated  with  zinc  blende  and  incrusted 
with  polybasite;  and  Irving  and  Bancroft^  state  that  some  of  the 
galena  of  the  Lake  City  district,  Colorado,  is  without  doubt  connected 
genetically  with  oiddation  processes.  In  that  district  a  gray  coating 
of  a  lead  compound,  thought  to  be  galena,  occurs  in  cracks  of  shattered 
sphalerite  and  covers  its  exposed  surfaces.  Possibly  the  gray 
sphalerite  observed  in  many  deposits  of  the  West  owes  its  color  to 
such  a  veneer  of  galena. 

A  survey  of  the  literature  of  lead  deposits  for  examples  giving 
evidence  of  considerable  secondary  precipitation  of  lead  sulphide  in 
lode  ores  has  not  beei^  very  fruitful  of  results.  On  the  other  hand, 
there  is  much  evidence  of  migration  of  lead  in  cold  carbonated 
solution  and  of  its  precipitation  as  sulphide  in  the  important  lead 
and  zinc  ores  of  the  Mississippi  Valley.  These  processes,  as  already 
stated,  do  not  come  within  the  scope  of  this  investigation. 

1  RaDflome,  F.  L.,  Geology  and  ore  depositfl  of  the  Breckenridge  district,  Colorado:  Prof.  Paper  U.  8. 
OeoL  Survey  No.  75,  1911,  p.  16ft.  Ransome,  F.  L.,  and  Calkins,  F.  C,  Geology  and  ore  deposits  of  the 
Coeor  d'Alene  district,  Idaho:  Prof.  Paper  U.  S.  GeoL  Survey  No.  62,  1906,  p.  133. 

>  Ransome,  F.  L.,  Criteria  of  downward  sulphide  enrichment:  Eoon.  Geology,  vol.  5,  1910,  p.  206. 

s  Blow,  A.  A.,  The  ore  chutes  and  recent  developments  of  Iron  Hill,  Leadville,  Colo.:  Trans.  Am.  Inst 
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« Vogt,  J.  H.  L.,  Das  Hudva-Kiesfeld:  Zeitschr.*prakt.  Geologie,  July,  1899,  p.  249. 
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SOME  OHBXIOAL  BBLATIONS  AITO  lONEBALS  OF  ZZHO. 


PBINOIPAL  ZmO  MINERALS. 

The  chemical  composition  of  the  principal  zinc  minerals  is  shown 
below: 

Godarite ZoSO^.THsO. 

Smithsonite ZnCOs. 

Calamine ZujajaiO^  or  2Zn0.Si04.H,O. 

WUlemite Zn^SiO^. 

Hydrozincite ZnCO,.2Zn02Ha  or  3ZnO.CO,.2H,0. 

Aurichalcite 2(Zn,Cu)CO,.3{Zn,Cu)0,H,. 

Sphalerite ZnS. 

Wurtzite ZnS. 


SOLUBILITIES    OF  ZINC   COMPOUNDS. 


The  solubilities  of  several  zinc  salts  determined  by  Kohlrausch  are 
stated  below: 


ZI1S04. 

ZnCls. 

ZnCOa. 

Zn(NO,K 

531.2 
3.1 

2US9. 
9.2 

0.04  r 

.0003  r 

1178. 
4.7 

The  upper  number  in  each  column  shows  the  number  of  grams  of 
the  anhydrous  salt  held  in  solution  in  a  liter  of  water  at  18^  C;  the 
lower  number  shows  the  molar  solubihty  or  the  number  of  mols 
contained  in  a  hter  of  the  saturated  solution. 

Zinc  is  bivalent  in  all  its  compounds.  The  sulphate  and  chloride 
are  very  soluble  and  the  carbonate  is  more  soluble  than  carbonate  of 
lead.  A  liter  of  pure  water  dissolves  at  ordinary  temperature  and 
pressure  0.0000706  mol  of  freshly  precipitated  zinc  sulphide.  (See 
p.  69.)  The  principal  primary  zinc  mineral  is  the  isometric  form, 
sphalerite.  Wurtzite,  the  hexagonal  form  of  zinc  sulphide,  is  com- 
paratively rare.  In  some  occurrences  the  primary  zinc  minerals  are 
oxides,  such  as  franklinite,  zincite,  and  gahnite,  but  as  these  are  rare 
or  absent  in  sulphide  deposits,  they  are  not  considered  here. 

As  zinc  sulphide  is  easily  dissolved  in  sulphuric  acid  sphalerite 
would  not  form  in  a  highly  acid  solution.  If,  through  reactions  with 
the  wall  rock,  the  solution  should  become  feebly  acid  or  neutral,  then 
zinc  sulphide  could  be  precipitated.  Allen  and  Crenshaw  state  that 
sphalerite  is  precipitated  from  acid  as  well  as  from  alkaline  solutions, 
but  that  wurtzite  is  precipitated  only  from  acid  solutions  and  is 
probably  always  secondary.*  Since  zinc  sulphide  is  one  of  the  most 
soluble  of  the  common  sulphides  it  could  not  replace  sulphides  of 

>  AII011,  B.  T.,  and  Creoahaw,  J.  L.,  The  gulphldes  of  tine,  cadmium,  and  maroory;  their  cryeCaUioe 
forxEMi  and  senetio  oondltiona:  Am.  Joor.  ScL,  4tti  aer.,  voL  34,  1912,  p.  350. 
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copper,  silver,  or  lead.  Possibly  it  could  replace  pyrite,  marcasite,  or 
pyrrhotite  under  certain  conditions,  but  no  examples  of  its  pseudo- 
morphs  after  these  minerals  are  known  to  me.  It  is  itself  replaced 
by  chalcocite  and  covellite  and  probably  by  argentite  and  galena. 

There  is  every  reason  to  suppose  that  zinc  sulphide  in  carbonate 
rocks  in  the  zinc  deposits  of  the  upper  Mississippi  Valley  in  south- 
western Wisconsin  has  been  dissolved  by  oxygenated  waters  and  has 
been  reprecipitated  as  sulphide  in  large  amounts  where  the  solutions 
were  in  contact  with  reducing  agents. 

Secondary  zinc  blende  has  been  found  in  western  ore  deposits  in 
other  than  limestone,  but  so  far  as  the  records  show  its  occurrence  in 
western  deposits  is  exceedingly  rare.  Large  quantities  of  zinc  are 
undoubtedly  dissolved  from  the  outcrops  and  oxidized  zones  of 
deposits  in  which  it  occurs  as  sulphide  and  are  passed  as  sulphate 
downward,  below  the  water  level.  To  account  for  its  disposition  is 
one  of  the  most  perplexing  problems  in  the  study  of  mineral  genesis. 
Doubtless  much  of  it  escapes  to  t{ie  surface  and  is  scattered,  yet 
many  analyses  of  waters  issuing  from  zinc  deposits  show  much  less 
zinc  than  would  be  expected.  In  two  alkaline  waters  from  sphaleritic 
deposits  of  Creede,  Colo.,  no  zinc  is  reported.  In  waters  from  several 
other  deposits  it  is  present  in  considerable  amoimts,  but  the  quantity 
of  it  found  in  some  of  these  is  less  than  would  be  expected.  In  waters 
from  several  deposits  at  Ducktown,  Tenn.,  the  zinc  in  solution  is  less 
than  the  copper,  although  the  sulphide  deposits  contain  as  much  zinc 
as  copper  and  copper  is  now  being  precipitated.  Some  sludges 
deposited  by  mine  waters  where  they  issue  to  the  air  contain  con- 
siderable zinc;  others  contain  practically  none.  Zinc  salts  do  not 
hydroly ze  so  readily  as  ferric  salts  when  exposed  to  air.  With  carbon 
dioxide  they  form  smithsonite,  hydrozincite,  and  aurichalcite,  but 
these  compounds  are  generally  less  abundant  than  hydrous  iron  oxide. 

OCCURBENGE  OF  THE  ZING  MINERALS. 

OoslarUey  hydrated  zinc  sulphate,  occurs  on  the  walls  of  some  mine 
workings  as  a  white  fiUform  or  mossUke  efflorescence,  which  soon 
disintegrates  to  powder  in  the  air.  Owing  to  the  high  solubihty  of 
zinc  sulphate  in  water,  goslarite  is  comparatively  rare  in  most  dis- 
tricts, though  it  is  abundant  in  some,  as  at  Creede,  Colo.,  and  Butte, 
Mont.  Weed  states  that  zinc  sulphate  is  carried  by  the  moisture  of 
the  air  circulating  in  mine  openings.^ 

Zinc  chloride  is  even  more  soluble  than  the  sulphate  and  is  unknown 
as  a  natural  mineral. 

Smithsonite,  ZnCO,,  is  commonly  found  in  the  oxidized  zones  of 
zinc-bearing  veins.    It  is  most  abundant  in  deposits  in  limestone. 

iWMd,W.H.,  Geology  ftod  on  dspoilti  of  ttMBiittodirtrftot,liontai»:  Prof.  Pspflr  U.  S.  Q«oL  Survey 
No.  74, 1912,  p.  001 
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It  has  not  been  reported  as  a  primary  mineral  in  deposits  formed  by 
hot  ascending  waters.  Where  2dnc-sulphate  waters  attack  limestone, 
smithsonite  is  deposited,  calcium  sulphate,  the  most  soluble  salt, 
going  into  solution.    The  reaction  may  be  stated  as  follows: 

ZnSO,  +  CaCO,  +  2H,0  =  CaSO,.2H,0  +  ZnCO,. 

The  calcium  sulphate  precipitated  as  gypsum  may  remain  with 
smithsonite  or  may  be  carried  away  in  solution,  since  it  is  fairly 
soluble  in  cold  water  (2.0  grams  in  a  Uter  at  18®  C). 

Calamine,  H^Zn^SiO^,  is  commonly  associated  with  smithsonite  in 
the  oxidized  zones  of  zinciferous  ores.  It  is  not  known  as  a  primary 
mineral  of  ore  veins  deposited  from  hot  solutions. 

WiUemiUy  Zn,Si04,  the  anhydrous  silicate,  is  much  less  common 
than  calamine.  It  is  abundant  in  the  primary  ores  of  Franklin  Fur- 
nace, N.  J.,*  but  is  not  reported  as  occurring  in  the  secondary  ores 
at  many  zinc  deposits.  It  is  noted  as  an  alteration  product,  how- 
ever, at  Morenci^  Ariz.,'  and  appears  in  considerable  quantities  at 
Tres  Hermanas,  N.  Mex.,*  where  it  is  probably  derived  from  zinc 
blende  by  oxidation. 

HydrozinciUj  the  basic  carbonate,  occurs  commonly  in  altered  ores. 

Aurichalcite,  a  basic  carbonate  of  zinc  and  copper,  is  deposited  by 
cold  solutions,  generally  as  drusy  incrustations. 

SphdUriU  is  the  most  abundant  primary  ore  of  zinc.  A  few  obser- 
vations on  the  occurrence  of  secondary  sphalerite  are  noteworthy. 
According  to  Blow,*  it  seems  probable  that  at  Leadville,  Colo.,  a  large 
proportion  of  the  zinc  removed  from  the  carbonate  zone  by  surface 
waters  was  redeposited  as  sulphide  in  the  lodes  just  below  the  line  of 
complete  oxidation  and  that  redeposition  has  kept  pace  with  oxida- 
tion. In  Shasta  County,  Cal.,  according  to  Graton,*  sphalerite  that 
is  later  than  pyrite  is  found  in  the  sulphide  zones  of  copper  deposits 
in  association  with  minerals  that  are  probably  in  part  of  secondary 
origin.  Veinlets  of  sphalerite  cut  rhodochrosite  ore  at  Philipsburg, 
Mont.  At  Rio  Tinto,  according  to  Finlayson,'  some  sphalerite  is 
later  than  pyrite  and  chalcopyrite.  At  Breckenridge,  Colo.,  accord- 
ing to  Ransome,'  some  of  the  sphalerite  is  younger  than  the  earliest 
period  of  deposition,  although  it  can  not  be  shown  that  it  is  a  deposit 
of  sulphate  water.     There  is  not  much  evidence,  however,  that  zinc 

1  Spenoer,  A.  C,  Franklin  Fomaoe  folio  (No.  161),  Qeol.  Atlas  U.  S.,  U.  8.  Geol.  Survey,  1908. 

>  Lindgien,  Waldemar,  The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona:  Prof.  Paper  U.  8. 
Oeol.  Survey  No.  43,  p.  111. 

s  Lindgren,  Waldemar,  Oraton,  L.  C,  and  Oordon,  C.  H.,  The  ore  deposits  of  New  Mezioo:  Prof.  Paper 
U.  S.  Geol.  Survey  No.  68,  1911,  p.  294. 

*  Blow,  A.  A.,  The  ore  chutes  and  recant  developments  of  Iron  Hill.  IveadvilJe,  Colo.:  Trans.  Am.  Inst 
Min.  Kng.,  vol.  18, 1890,  p.  172. 

*  Qraton,  L.  C,  ThA  occurrence  of  copper  in  Shasta  County,  Cal.:  Bull.  U.  S.  Qeol.  Survey  No.  430, 
1910,  pp.  71-111. 

*  Finlayson,  A.  M.,  The  pyritic  depoedts  of  Huelva,  Spain:  Eoon.  Geology,  voL  6,  1910,  p.  417. 

*  Ransome,  F.  L.,  Geology  and  ore  deposits  of  the  Breckenridge  district,  Colo.:  Prof.  Pi^mt  U.  8.  Q«oL 
Sornj  No.  75, 19U,  p.  109. 
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blende  is  precipitated  as  a  secondary  mineral  along  with  copper,  sil- 
ver, and  gold. 

Wuriziie  is  probably  a  secondary  mineral  in  the  San  Francisco  dis- 
trict, Utah,  according  to  B.  S.  Butler.  In  this  connection  the  recent 
experiments  of  E.  T.  Allen  and  J.  L.  Crenshaw  at  the  Carnegie 
Geophysical  Laboratory  are  suggestive.  Zinc  sulphide  was  precipi- 
tated as  wurtzite  in  acid  but  not  in  alkaline  solutions. 

SOME  CHEMICAL  BELATIONS  AND  MINERALS  OF  QtON. 

PBINCIPAL  IBON   MINERALS. 

The  chemical  composition  of  the  principal  iron  minerals  is  shown 
below: 

Limonite 2FeaO,.3HjO. 

Hematite FejO,. 

Mag:netite Yefi^. 

Melanterite FeS04.7HjO. 

Jaroeite Ka0.3Fe^3.4S04.6H20. 

Siderite FeCOj. 

Ankerite CaC03.(Mg,Fe,Mn)CQ|. 

Pyrite FeSj. 

Marcasite FeS,. 

Pyrrhotite FeySj. 

Areenopyrite FeAeS. 

Chalcopyrite FeCuSj. 

Bomite Cu5FeS4. 

SOLUBILITIES   OF   IBON   SALTS. 

No  comprehensive  table  showing  the  solubilities  of  iron  salts  deter- 
mined under  similar  conditions  is  available  to  me.  The  solubilities 
of  ferric  and  of  ferrous  salts  differ  greatly,  and  the  experimental 
difficulties  in  determining  the  solubilities  are  considerable,  owing  to 
the  changes  that  take  place  in  the  state  of  oxidation  of  iron.  Accord- 
ing to  Atherton  Seidell,*  a  liter  of  water  at  20°  C.  dissolves  264.2 
grams  FeS04.7H30;  a  liter  of  water  saturated  with  CO,  dissolves, 
at  6  to  8  atmospheres,  0.73  gram  FeCO,;  a  liter  of  water  at  15°  C. 
dissolves  400  grams  of  FeCl3.4H,0  (Etard);  a  Uter  of  water  at  20° 
C.  dissolves  478.8  grams  Fea,.     (Total  Fea,.12H,0  is  918.5  grams.) 

NATUBE   AND   BELATIONS   OF  THE   IBON   MINEBALS. 

Iron  sulphides  are  comparatively  unimportant  as  ores  of  iron. 
Some  of  the  cinder  obtained  from  burning  pyrite  for  making  acid  is 
utilized  in  blast  furnaces,  and  the  gossans  of  some  iron  sulphide 
deposits  also  are  smelted,  but  few  of  the  iron  ores  of  commerce  are 
associated  with  sulphide  deposits.     The  iron  sulphides  nevertheless 

>  fleideU,  Athartoo,  SohibilltiaB  of  toatpuaio  and  oifaiiio  subatanoes,  Naw  York,  19U« 
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play  a  most  important  part  in  the  alteration  and  enrichment  of 
deposits  of  the  more  valuable  metals,  and  it  is  in  that  connection  that 
they  are  considered  here. 

Most  mine  waters  contain  iron,  and  the  facility  with  which  ferric 
sulphate  is  changed  to  ferrous  sulphate  affords  the  most  readily 
available  index  to  the  state  of  oxidation  of  the  solutions.  The 
chemical  processes  involved  in  the  alteration  of  iron  sulphides,  the 
reduction  of  ferric  sulphate,  and  the  removal  of  acid  to  form  inert 
sulphates  below  the  water  level  have  already  been  discussed. 

Most  of  the  iron  sulphides  contain  more  than  enough  sulphur  to 
form  iron  sulphate  on  oxidation,  and  the  remaining  sulphate  may 
be  utilized  to  form  sulphuric  acid.  Ferric  sulphate  readily  hydro- 
lyzes,  forming  basic  ferric  sulphate  and  subsequently  ferric  hydroxide, 
and  each  step  sets  free  sulphxuic  acid.  The  property  of  hydrolysis  of 
ferric  salts  is  most  important  in  connection  with  the  superficial  altera- 
tion and  the  enrichment  of  sulphide  ores.  It  supplies  a  solvent  for 
most  of  the  metals;  it  generally  results  in  the  concentration  of  iron 
oxide  at  the  surface,  which  may  afford  an  indication  that  a  deposit 
containing  iron  sulphide  is  below. 

One  function  of  basic  ferric  sulphate,  which  ultimately  breaks 
down  to  form  oxide,  is  to  supply  sulphate  ion  to  solutions  in  the 
oxidized  zone.  Sulphates  may  thus  be  available  even  after  all 
sulphides  have  disappeared. 

As  a  result  of  the  hydrolyzation  of  ferric  sulphate  the  larger  portion 
of  the  iron  is  generally  fixed  near  the  smf  ace  as  iron  oxide.  Not  all 
is  BO  fixed,  however,  for  the  analyses  of  mine  waters  show  that  iron 
is  almost  universally  present  in  the  underground  circulation.  It  has 
been  stated  above  that  iron  passes  below  the  water  level,  held  in 
sulphuric  acid  solution  mainly  as  iron  sulphate;  that  the  sulphate 
solution  reacts  on  sulphides  and  gangue  minerals;  and  that  the  acidity 
is  reduced  by  forming  inert  sulphates,  chiefly  those  of  alkalies  and 
alkaline  earths.  Along  with  such  changes  in  acidity  ferrous  siilphate 
is  produced  by  reduction  of  ferric  sulphate. 

It  is  doubtful  whether  ferric  sulphate  exists  to  any  great  extent 
far  below  the  water  level.  In  air  a  decrease  in  acidity  favors 
hydrolyzation,  but  below  the  water  level,  where  air  is  excluded,  the 
decrease  in  acidity  is  attended  by  reduction  of  iron  to  ferrous  state. 
Ferrous  sulphate  does  not  hydrolyze  to  precipitate  iron  oxide.  Fer- 
rous hydrate  may  be  formed  in  neutral  or  alkaline  environment.  It 
is  a  light-colored  salt  which  unites  rapidly  with  free  oxygen  to  form 
the  brown  ferric  hydroxide.  The  mixture  has  a  greenish  appearance 
when  distributed  in  a  finely  divided  state  through  the  precipitate.^ 

In  little  cracks  in  sulphide  ore,  at  considerable  depths  below  the 
highly  oxidized   zone,  small  veinlets  and  putty-like  masses  of  an 

1  Ostwmld,  WUhebn,  The  prindplea  of  Inorguilo  ohenllstry  (tnuu.  by  Alex.  Fizidhij),  London,  1901, 
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iron  oxide  that  is  generally  assumed  to  be  limonite  are  conspicuous 
in  many  deposits.  Such  deposits  of  iron  oxides  in  the  Granite- 
Bimetallic  vein  at  Philipsburg,  Mont.,  are  at  least  500  feet  below  the 
zone  of  the  highly  oxidized  ore.  Some  of  them  doubtless  have  formed 
since  the  mine  was  opened,  at  places  where  iron  sulphate  solutions 
issued  from  the  vein  and  came  in  contact  with  air.  Others  may  be 
due  to  deposition  of  iron  oxide  or  basic  ferric  sulphate  from  suspen- 
sion. (See  pp.  73,  110.)  Possibly  some  are  the  oxidation  products  of 
ferrous  sulphate. 

E.  T.  AUen  has  shown  that  a  solution  of  hydrogen  sulphide  and 
ferric  sulphate  gives  ferrous  sulphate  and  sulphur,  and  in  cold  solu- 
tions of  very  low  acidity  ferrous  sulphate  with  sulphur  and  hydrogen 
sulphide  gives  FeSj  as  pyrite  and  marcasito^  the  amount  of  each 
depending  somewhat  upon  the  acidity  of  the  solution.  It  has  been 
shown  above  that  these  conditions  probably  exist  in  the  deeper  zones 
in  some  deposits,  but  almost  certainly  they  exist  through  a  com- 
paratively narrow  chemical  range.  Consequently,  the  precipitation 
of  secondary  iron  sulphides,  although  known  in  some,  is  probably 
subordinate  in  most  deposits.  Secondary  chalcopyrite  has  been 
discussed  with  the  ores  of  copper. 

OCCURRENCE  OF  THE  IRON  MINERALS. 

LiTnoniUf  2Fe30a.3HjO,  is  generally  the  most  abundant  of  the  iron 
oxides  of  the  altered  zones,  which  are  mainly  but  not  altogether 
hydrated  oxides.  It  is  precipitated  from  solution  and  commonly 
occurs  as  a  pseudomorphous  replacement  of  pyrite  and  other  iron 
minerals.  As  shown  in  the  equations  stated  on  page  65,  pyrite  is 
converted  in  the  vadose  zone  to  ferrous  sulphate.  Since  oxygen  is 
present  in  excess,  the  ferrous  salt  is  converted  to  ferric  sulphate, 
which  in  turn  hydrolyzes  to  ferric  hydrate. 

6FeS0,  +  30  +  3H,0  =  2Fe,(S0,),  +  2Fe(0H)^ 
4Fe(0H),  =  2Fe,0,.3H,0  +  3H,0. 

These  reactions  indicate  merely  certain  steps  in  the  processes. 
An  intermediate  step  may  involve  the  precipitation  of  basic  ferric 
sulphate. 

The  several  hydrated  iron  oxides  are: 

Ratio  of 
FejOa  to  HfO. 

Tuigite 2Fe30^HaO 2  to  1 

Goethite Fe,0,.HjO 2  to  2 

limonite 2Fe20,.3H20 2  to  3 

Xanthosiderite Fe20,.2HaO 2  to  4 

limnite FejOa-SHjO 2to6 

Ferric  hydrate,  Fe(OH)„  corresponds  to  limnite,  but  through 
processes  of  drying  or  with  scant  supplies  of  water  the  oxides  which 

72293**— BuU.  629—18 10 
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are  less  highly  hydrated  will  form.  Thus  limoniie  ffoniM  from 
limnite  and  turgite  forms  when  limomte  is  dehydrated.  Turgite, 
which  contains  some  combined  water,  but  less  than  Umonitey  is 
probably  more  conmion  in  gossans  than  is  generally  supposed.  Hie 
hydrated  iron  oxides  are  probably  not  deposited  by  ascending  hot 
waters  except  near  the  orifices  of  hot  springs. 

HenuUiU  is  a  constituent  of  igneous  rocks,  of  pegmatites,  of  oon- 
tact-metamorphic  deposits,  and  of  yeins  of  the  deep  zone.  It  is 
rarely  formed  by  hot  ascending  waters  at  shallow  or  even  at  moderate 
depths.  The  specular  anhydrous  variety  (specularite)  la  not  a 
conmion  secondary  mineral,  yet  it  may  be  formed  under  the  condi- 
tions that  prevail  in  dry,  hot  countries.  Ransoms  ^  has  described 
minute  crystab  of  secondary  hematite  in  outcrops  at  Groldfield, 
Nev.  At  the  Modoc  mine,  Morenci,  Ariz.,'  it  is  formed  by  the  sur- 
face oxidation  of  magnetite  and  garnet.  In  tropical  countries  some 
residual  iron  ores  and  gossans  carry  abundant  hematite.  Although 
hematite  is  the  principal  oxide  in  deposits  like  those  of  the  Lake 
Superior  iron  ranges,  which  have  been  formed  by  the  weathering  of 
iron  oxides,  carbonates,  and  silicates,'  it  is  noteworthy  that  limonite 
greatly  predominates  in  the  gossans  of  most  sulphide  ores,  at  least 
in  those  that  have  formed  in  a  temperate  climate. 

Magnetite,  ¥efi^,  is  a  common  constituent  of  igneous  rocks  and  of 
magmatic  segregations.^  It  is  present  in  some  pegmatites,  in  most 
oontact-metamorphic  deposits,  in  vein  deposits  of  the  deeper  zones, 
and  in  some  ore  bodies  that  are  transitional  in  character  between 
the  deposits  of  the  deep  zone  and  those  formed  at  moderate  depth. 
It  very  rarely  fills  fissures  in  ore  bodies  formed  at  moderate  depth, 
but  at  some  places  it  occurs  in  greatly  altered  wall  rock  near  such 
filled  fissures.  Where  the  alteration  is  less  intense,  usually  at  some 
distance  from  the  ore,  small  dots  of  magnetite  are  said  to  form  as  a 
result  of  alteration  of  the  ferromagnesian  minerals  by  the  spent  ascend- 
ing ore-depositing  thermal  solutions.  Where  it  is  primary,  magnetite 
may  be  a  residual  mineral  in  the  oxidized  zone  of  any  deposit.  Minute 
dark  magnetite  particles,  few  if  any  of  them  showing  crystal  form,  are 
found  also  in  the  outcrops  of  many  deposits  formed  at  moderate 
depth,  in  which  the  primary  ore  appears  to  be  free  from  magnetite. 
Their  minute  size  and  possibly  their  lack  of  crystal  form  will  usually 
serve  to  distinguish  these  particles  from  particles  of  primary  mag- 
netite. 

1  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  Ooldfleld,  Nov.:  Prof.  Paper  U.  8.  OeoL  Surrey 
No.  06,  1909,  p.  134. 

t  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton- Morenci  district,  Arizona:  Prof.  Paper  U.  S. 
Oeol.  Survey  No.  43, 1906,  p.  103. 

s  Van  Hise,  C.  R.,  and  Leith,  C.  K.,  The  geology  of  the  Lake  Superior  region:  Mon.  U.  8.  OeoL  Sunrey. 
voL  62, 1911,  p.  188. 

« Hastings,  J.  B.,  Association  of  magnetite  with  sulphides  in  mineral  depostta:  Min.  and  Sol.  Fnm, 
▼ol.  97,  Sapi.  i,  1906,  pp.  338,  358. 
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The  extent  to  which  magnetite  may  fonn  in  the  outcrop  of  a  sul- 
phide ore  body  is  a  matter  of  considerable  importance  in  connection 
with  the  prospecting  of  gossans,  and  it  has  been  suggested  that  it 
forms  in  considerable  quantities  near  the  surface  as  a  result  of  certain 
peculiar  clim^ic  conditions.^  Many  outcrops  of  magnetite  have 
been  regarded  as  the  cappings  of  sulphide  ore  bodies  and  have  been 
followed  downward  in  the  hope  of  finding  sulphide  ores  of  gold, 
silver,  or  copper.  At  most  places  it  has  been  found  that  massive 
magnetite  is  of  primary  origin  and  is  persistent  in  depth.  If  rock- 
making  minerals  or  the  heavy  silicates,  such  as  garnet,  actinolite, 
chlorite;  and  dark  mica,  are  intergrown  with  the  masses  of  magnetite, 
it  may  safely  be  regarded  as  a  primary  deposit  and  not  a  product 
of  oxidation. 

Melanteritej  jarosiie,  and  other  sulphates  and  ha^sic  svlpJuUes  form 
abundantly  in  the  oxidized  zones  of  some  sulphide  ores.  The  sul- 
phates are  highly  soluble  and  are  therefore  unstable.  In  some  mines 
they  are  conspicuously  developed,  however,  on  mine  timbers  and  on 
the  faces  of  ore  and  wall  rock.  Weed  states  that  ferrous  sulphate  is 
carried  by  moisture  of  the  air  circulating  in  mine  workings.*  Jarosite 
and  other  basic  sulphates  are  much  less  soluble  than  the  sulphates 
and  persist  in  some  lodes  even  at  the  outcrops.  The  basic  sulphates, 
as  already  stated,  are  probably  formed  as  intermediate  products  in 
the  hydrolyzation  of  ferric  sulphate  to  form  ferric  hydroxide.  The 
abimdance  of  limonite  in  the  gossans  indicates  that  the  basic  sulphates 
ultimately  lose  the  sulphate  radicle  to  form  hydroxides.  By  these 
processes,  doubtless,  the  downward  migration  of  some  of  the  sul- 
phuric acid  is  delayed  and  sulphuric  acid  is  contributed  to  the  solu- 
tions that  percolate  through  the  oxidized  ore  even  after  the  sulphides 
have  been  removed. 

Siderite  and  ankeriU. — Siderite  is  rare  as  a  constituent  of  contact- 
metamorphic  deposits,  but  it  is  found  in  several  veins  of  the  deep 
zone  and  also  in  the  gangue  or  in  the  altered  wall  rock  of  deposits 
formed  at  moderate  depths  by  hot  ascending  water.  High  temper- 
atures are  not  necessary  for  its  genesis,  however,  for  it  is  most  abun- 
dant in  cherty  iron  carbonate  ores  of  sedimentary  origin.  In  lode 
ores  siderite  is  in  the  main  primary.  Noteworthy  examples  are  the 
silver-lead  veins  of  the  Wood  River*  and  Coeur  d'Alene*  districts, 

1  Oraton,  L.  C,  The  oocturenoe  of  copper  in  Shasta  County,  Cal.:  BuIL  U.  S.  Geol.  Survey  No.  430, 
1910,  p.  106. 

s  Weed,  W.  H.,  Oeology  and  ore  deposits  of  theButte  district,  Montana:  Prof.  Paper  U.  S.  Qeol.  Survey 
No.  74,  1912,  p.  99. 

•  Lindgren,  Waldemar,  The  gold  and  silver  veins  of  Silver  City,  De  Lamar,  and  other  mining  districts  in 
Idaho:  Twentieth  Ann.  Rept.  U.  8.  Oeol.  Survey,  pt.  3,  1809,  p.  190. 

« Ransome,  F.  L.,  and  Calkins,  F.  C,  The  geology  and  ore  Qeposita  of  the  CoBur  d'Alene  district,  Idaho: 
Prof.  Paper  U.  S.  Oeol.  Survey  No.  02, 1906,  pp.9fr-07. 
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Idaho.     It  is  found  less  abundantly  also  in  altered  wail  rock  at 
Tonopah,  Nev.,^  at  Breckenridge,  Colo.,*  and  in  many  other  districts. 

As  a  secondary  mineral  siderite  is  not  abundant.  Ferrous  carbonate 
dissolves  readily  in  acids '  and  it  could  not  form  in  a  highly  acid 
environment.  At  greater  depths,  where  the  environnM^nt  is  alkaline 
or  basic,  ferrous  carbonate  could  be  precipitated.  Siderite  is  present 
in  fractures  in  ore  of  the  Highland  Boy  mine,  Bingham,  Utah/  and 
according  to  Ransome  ferrous  carbonate  is  deposited  in  veinlets  cross- 
ing the  sulphide  ore  of  Breckenridge.^  In  some  of  the  occurrences 
ferrous  carbonate  has  been  precipitated  as  ankerite,  a  salt  that  also 
contains,  in  isomorphous  combination,  lime  carbonate,  manganese 
carbonate,  or  magnesiimi  carbonate.  These  salts  are  somewhat  solu- 
ble in  acid,  but  none  are  highly  soluble  in  water. 

Pyrite  is  formed  \mder  varying  conditions  of  temperature  and  from 
solutions  of  varied  character.  It  is  one  of  the  group  termed  by 
Lindgren  ''persistent"  minerals.  It  is  much  more  abundant,  how- 
ever, in  ores  associated  with  igneous  processes  than  in  deposits 
formed  by  cold  solutions  or  in  secondary  deposits,  although  it  is  not 
unknown  in  the  latter.  Pyrite  is  contained  in  some  coal  beds  and  is 
common  in  sedimentary  rocks  remote  from  igneous  intrusives.  Iron 
sulphide  is  not  deposited  in  highly  acid  waters  and  is  probably  not  a 
common  or  abimdant  secondary  sulphide,  but  it  may  be  deposited 
in  slightly  acid  or  in  neutral  solutions.  At  the  surface  and  above 
groimd  water  pyrite  oxidizes  to  basic  sulphates  and  to,  limonite,  but 
it  alters  in  the  presence  of  oxygen  more  slowly  than  marcasite  or 
pyrrhotite.  In  some  deposits  it  persists  to  the  very  surface,  and, 
unoxidized,  it  is  found  in  placer  deposits,  especially  in  northern, 
recently  glaciated  areas,"  though  its  occurrence  in  placers  is  not 
limited  to  these  areas,  for  it  is  found  in  auriferous  gravels  in  California,' 
Colorado,  and  other  Western  States. 

Pyrite  as  well  as  marcasite  may  be  obtained  by  the  action  of  hydro- 
gen sulphide  on  ferric  sulphate  solution.  Hydrogen  sulphide  reduces 
ferric  sulphate  to  ferrous  sulphate,  with  the  separation  of  sulphur, 
and  further  action  of  hydrogen  sulphide  on  ferrous  sulphate  slowly 
gives  FeS,.    The  reaction  is — 

FeSO,  +  H,S  4-  S  =  FeS, + H^SO^. 


>  Spurr,  J.  E.,  Geology  of  the  Tonopeh  mining  district,  Nevada:  Prof.  Paper  U.  8.  Geol.  Survey  No.  42, 
1005,  p.  248. 

>  Ransome,  F.  L.,  Geology  and  ore  deposits  of  the  Breckenridge  district,  Colorado:  Prof.  Paper  U.  S. 
Geol.  Survey  No.  75,  1911,  p.  87. 

s  Ostwald,  Wilhelm,  The  principles  of  inorganic  chemistry  (trans,  by  Alex.  Findlay),  London,  1904,  p.  580. 

•  Boutwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  ProL  Paper  U.  S.  GeoL 
Survey,  No.  38,  p.  116. 

•  Ransome,  F.  L.,  op.  cit.,  p.  169. 

•  Brooks,  A.  H.,  A  reconnaissance  of  the  Cape  Nome  and  adjacent  gold  fields  of  Seward  Peninsula,  Alaika, 
in  1900:  Special  publicatton  U.  S.  Geol.  Survey,  1901. 

'  Becker,  Q.  F.,  Some  featuiee  of  the  Rand  Banket:  Eoon.  Geology,  voL  4, 1909,  p.  379l 
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This  reaction  goes  on,  even  at  ordinary  temperatures,  in  solutions 
that  contain  less  than  1  per  cent  of  free  sulphuric  acid.  In  solutions 
of  greater  acidity  and  at  lower  temperatures  marcasite  will  fc^rm.^ 
Examples  of  secondary  pyrite  are  rare,  but  some  have  been  reported. 

According  to  Spurr,  Garrey,  and  Ball,*  pyrite  is  secondary  in  the 
Greorgetown  region,  Colorado,  where  it  has  probably  been  deposited  by 
descending  surface  waters.  Hintze  states  that  pyrite  is  pseudomor- 
phous  after  silver  glance  at  Joachimsthal.  Veinlets  of  pyrite  cut 
pyrrhotite  copper  ore  at  Ducktown,  Tenn.,  and  appear  to  have  been 
deposited  by  descending  waters.  At  De  Lamar,  Idaho,  secondary 
pyrite  is  associated  with  kaolin  .•  In  view  of  the  widespread  dis- 
tribution of  iron,  however,  it  is  remarkable  that  so  few  occurrences 
of  secondary  pyrite  have  been  reported  from  the  sulphide  deposits  in 
the  western  United  States. 

Marcasite  is  rare  as  a  primary  mineral  of  igneous  rocks,  of  pegma- 
tites, of  contact-metamorphic  deposits,  and  of  veins  of  the  deep 
zones.  It  is  rarely  formed  at  moderate  depths  by  hot  ascending 
waters  but  has  been  formed  near  the  surface  or  at  the  orifices  of  hot 
springs.  It  is  abundant  in  the  lead  and  zinc  deposits  of  the  Mississippi 
Valley,  where  it  appears  to  have  been  formed  by  cold  solutions  near 
the  surface.  As  pointed  out  by  Allen,  ^  it  is  to  be  regarded  as 
a  low-temperature  mineral  deposited  in  acid  solutions.  In  some 
pyritic  veins  it  has  formed  as  a  secondary  sulphide.  It  may  be 
formed  artificially  by  treating  ferric  sulphate  with  hydrogen  sulphide. 
If  the  solution  contains  as  much  as  1  per  cent  of  free  sulphuric  acid 
and  the  temperature  is  not  above  100^,  the  product  is  all  marcasite. 
At  higher  temperatures  or  in  more  feebly  acid  solutions  pyrite  will 
form. 

At  Ducktown,  Tenn.,  marcasite  is  found  sparingly  in  cracks 
associated  with  manganese  dioxide  about  200  feet  below  the  chalcocite 
zone.  At  Goldfield,  Nev.,  according  to  Ransome,^  marcasite  is 
rather  characteristic  of  soft,  crushed  ore  and  of  gouge  and  appears 
in  many  places  to  be  of  later  origin  than  most  of  the  other  sulphides. 
It  is  a  constituent  of  most  of  the  high-grade  ore  and  in  much  of  it  is 
as  old  as  gold,  goldfieldite,  etc.  It  occurs  as  concentric,  radially 
fibrous  shells  in  soft,  dark,  and  probably  enriched  ore  streaks.  As  a 
rule  these  shells  disintegrate  on  exposure  to  the  air,  vrith  the  forma- 
tion of  yellow  films,  apparently  containing  a  little  free  sulphur,  a 
brown  fibrous  efflorescence  of  iron  sulphate.     It  is  also  a  fairly 

1  AUen,  B.  T.,  BnlphideB  of  Jron  Mid  tbdr  eenesli:  MJn.  and  SoL  Pfhs,  voL  103, 19U,  p.  414. 

*  SpuiT,  J.  B.,  Ommy,  Q.  H.,  and  Ball,  8.  U.,  Boooomio  geology  of  tha  Qtcrgbtown  quadrangle,  Colorado: . 
Prof.  Paper  U.  S.  Qeol.  Survey  No.  63, 190B,  p.  144. 

sLindgnn,  Waldemar,  The  gold  and  ittTer  vetaM  of  Sttver  City,  De  Lamar,  and  other  mfcilttg  dtotrtcts  In 
Idaho:  Twentieth  Ann.  Bept.  U.  8.  GmI.  Surrey,  pt.  8,  IMO,  p.  124^ 

«  Allen,  B.  T.,  op.  clt.,  p.  413. 

•Ranaome,  F.  L.,  The  geology  and  ora  depoeits  of  Ooldflald,  Ner.:  Prof.  Paper  U.  8.  Gtal.  Survey  No. 
M,190B,p.lU. 
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abundant  constituent  of  the  rich  primary  ore,  associated  with  gold, 
pyrite,  goldfieldite,  alunite,  quartz,  etc. 

PyrrTwtite,  so  far  as  is  indicated  by  its  geologic  relations,  is 
distinctly  a  high-temperature  mineral.  This  conclusion  is  sup- 
ported idso  by  the  recent  synthetical  work  done  by  Allen,  Crenshaw, 
Johnston,  and  Larsen,^  who  found  that  pyrrhotite  is  formed  by  the 
decomposition  of  pyrite  in  hydrogen  sulphide  at  high  temperatures. 
Pyrrhotite  is  a  primary  constituent  of  igneous  rocks '  and  commonly 
occurs  in  magmatic  segregations  *  in  pegmatite  veins  in  contact-meta- 
morphic  deposits  and  in  veins  formed  in  the  deeper  zones.  A  number 
of  its  occurrences  are  mentioned  on  page  93.  Winslow^  mentions  the 
occurrence  of  pyrrhotite  in  the  disseminated  lead  ores  of  southeastern 
Missouri,  but  Buckley  *  does  not  list  it  with  the  ore  minerals  of  this 
district.    As  a  secondary  sulphide  in  lode  ores  it  is  unknown. 

ArsenopyriUf  FeAsS,  is  a  constituent  of  many  p^matite  veins  and 
has  been  noted  as  a  contact-metamorphic  mineral.  It  is  a  primary 
mineral  in  deposits  of  the  deep  zone  and  in  some  lodes  formed  at 
moderate  depths.  In  such  deposits  it  commonly  carries  gold.  It  is 
not  known  as  a  secondary  constituent  of  ores  enriched  by  descending 
sulphate  solutions. 

ChaUopyrite  and  bomite  are  discussed  on  pages  11&-111. 

SOHB  GANGTTB  MINEBAL8. 
NATURE  AND  GENESIS. 

Among  the  minerals  found  in  metalliferous  sulphide  ores  are  many 
that  are  formed  by  processes  of  surface  alteration  only.  These  include 
a  large  number  of  the  native  metals,  carbonates,  silicates,  oxides, 
and  some  other  compounds.  Among  the  sulphides  not  one  is 
known  to  be  formed  exclusively  by  secondary  processes,  although 
several  are  secondary  in  nearly  all  their  known  deposits.  On  the 
other  hand,  the  primary  ores  include  several  sulphides  that  are  almost 
unknown  as  secondary  minerals.  A  list  of  such  sulphides  should 
include  arsenopyrite,  bismuthinite,  enargitef,  molybdenite,  pyrrho- 
tite, and  probably  others. 

The  data  concerning  the  genesis  of  many  minerals  are  inconclusive, 
and  to  determine  the  origin  of  an  ore  one  must  generally  rely  on 
paragenesis  and  mineral  association  rather  than  on  the  occurrence 
of  isolated  species.     So  far  as  they  may  serve  as  an  indication  of  the 

1  AU«i,  E.  T.,  Sulphides  of  iron  and  their  seoesis:  Mia.  and  Sd.  Preat,  yoL  1«,  1911,  p.  414.  AUen,  E. 
T.,  Crenshaw,  J.  L.,  and  Johnston;  John,  The  mineral  sulphides  of  iron:  Am.  Joor.  SeL,  4Ui  aer.,  toL  S, 
1912,  p.  109. 

•Bastin,  E.  8.,  A  pynhottUc  peridotite  fhtm  Knox  Ooonty,  Maine:  Jour.  Oeolocf,  toL  It,  ltQB»  p.  U4. 
sOoleman,  A.  P.,  The  Sadhory  nickel  deposits:  Rept  Ontario  Bur.  Mines,  1904. 
«Winslow,  Artfanr,  The  disseminated  lead  oras  of  sootlieastem  MlmxirL*  BalL  U.  B,  OeoL  Snrver  Nei 
U2, 1890,  p.  as. 

•Bnokl^,  E.  &^  Qeologjr  of  tte  dkMBlBited  lead  dsporfto  or  at 
Me.:  Mkwnrl  Bur.  Oeoieor  and  Mi— ,ToL9i  pi  1,1901. 
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genesis  of  the  ore,  the  gangue  minerals  are  perhaps  as  important  as 
the  sulphides. 

It  is  difficult  to  draw  sharp  distinctions  between  gangue  and  ore 
minerals  and  neither  of  these  terms  is  uniformly  used  with  the 
same  meaning.  The  gangue  minerals  are  commonly  distinguished 
as  the  earthy  or  nonmetallic  minerals  associated  with  the  metal- 
liferous minerals  in  the  ore.  As  commonly  used  the  term  gangue 
does  not  include  all  minerals  without  metallic  luster  nor  does  it 
exclude  all  minerals  that  contain  metals.  The  iron-bearing  silicates 
are  almost  universally  regarded  as  gangue  minerals  in  deposits  of 
metals  other  than  iron. 

In  the  table  below  the  minerals  listed  are  regarded  as  primary. 
Probably  none  of  these  are  formed  by  processes  of  alteration  and 
superficial  enrichment.  Most  of  them  are  nonmetallic  or  gangue 
minerals. 

Some  minerala  which  are  probably  not  formed  by  processes  of  alteration  and  superficial 

enrichment  of  sulphide  ores. 


Acmite. 

Diopside. 

Rhodonite. 

Actinolite. 

Emery. 

Rudle. 

Adularia. 

Garnet. 

Scapolite. 

Albite. 

Graphite. 

Sillimanito. 

Allanite. 

Hornblende. 

Spinel. 

Amphiboles. 

Uumitee. 

Tourmalme. 

Anhydrite. 

Ilmenite. 

Tremolite. 

Augite. 

Ilvaite. 

Vesuvianite. 

Biotite. 

Lepidolite. 

WoUastonite. 

Ghromite. 

Microcline. 

Zircon. 

Corundum. 

Orthoclase. 

Zoisite. 

Cryolite. 

Pyroxenes. 

A  number  of  gangue  minerals  are  formed  by  processes  of  weather- 
ing and  hydrometamorphism.  Many  of  them  are  alteration  products 
or  replacements  of  older  gangue  minerals,  but  some  are  reprecipitated 
in  open  fissures.  The  term  hydrometamorphism  is  used  to  define 
those  changes  which  take  place  through  the  agency  of  surface  waters 
at  depths  somewhat  below  the  oxidizing  zones — possibly  at  hori- 
zons where  the  waters  have  become  neutral  or  alkaline.  Several 
silicates  are  developed  by  such  processes,  among  them  chlorite, 
epidote,  muscovite,  quartz,  serpentine,  and  talc.  Of  these  minerals 
all  except  serpentine  and  talc  are  formed  also,  under  some  condi- 
tions, by  ascending  thermal  waters. 


SOME   ALUMINUM  MINBBALS. 


Occurrence. — ^Aluminum  is  abimdant  in  the  economy  of  nature  and 
is  a  constituent  of  many  rock-making  minerals.  It  enters  into  the 
Gomposition  of  several  vein-forming  minerals.    Among  these  are  the 


152  THE  ENRICHMENT  OF  SULPHIDE  0BE8. 

feldspars,  sericite,  alunite;  kaolin,  diaspore,  gibbsite,  and  bauxite.    The 
chemical  composition  of  some  of  these  minerals  is  shown  below: 

Sericite Kj0.3Al,0,-6Si0a.2H,O. 

Alunite K:20.3Ala0,.4S0,.6H,O. 

Kaolin Al,0,.2SiO,.2H,0. 

Diaepore A1,Q,.H,0. 

Gibbsite AlaO,.3H,0. 

Bauxite AljO,.2H,0. 

Although  new  mineral  combinations  result  from  hydrothermal 
processes,  there  is  little  evidence  that  much  aluminum  is  carried 
into  the  veins  by  ascending  hot  solutions,  for  aluminum  compounds 
are  rare  indeed  in  veins  contained  in  nonaluminous  rocks.  Ck>ld  acid 
sulphate  solutions  dissolve  aluminum  from  its  compounds  very 
readily,  as  is  indicated  by  many  of  the  analyses  of  mine  waters 
(pp.  60-63).  There  is  but  little  evidence,  however,  that  aluminum 
compounds  are  extensively  precipitated  in  open  spaces  from  cold 
acid  waters.  Some  alunitic  veinlets  are  secondary  and  some  kaolin 
is  deposited  in  fractures  by  descending  solutions,  but  in  most  deposits 
the  larger  proportion  of  the  secondary  aluminous  gangue  appears 
to  be  a  residual  product  of  altered  feldspar,  sericite,  and  other  min- 
erals. Without  much  doubt  aluminum,  like  iron,  is  carried  out  of 
sulphide  ore  bodies  in  great  quantities,  for  the  slimes  precipitated 
from  mine  waters  commonly  contain  large  proportions  of  hydrous 
aluminum  compounds. 

Feldspars. — Of  the  feldspars,  albite  and  adularia  are  primary 
gangue  minerals  of  ore  veins.  Albite  is  generally  formed  at  con- 
siderable depth;  adularia  nearer  the  surface.  Neither  feldspar  is 
known  to  form  in  cold  solutions  by  processes  of  secondary  alteration, 
although  adularia,  according  to  Lindgren,*  may  be  deposited  at  or 
near  the  surface  where  the  temperature  could  not  have  been  much 
above  100°  C. 

Sericite, — Of  the  vein  minerals  that  carry  aluminum,  sericite  is 
perhaps  the  most  common.  It  is  formed  in  the  main  as  a  pseudo- 
morphous  replacement  of  feldspar  or  other  aluminous  silicates.  In 
some  replacement  veins  it  is  very  abundant  and  was  probably  formed 
by  ascending  thermal  waters,  although  there  is  much  evidence  that 
it  forms  also  by  processes  of  hydrometamorphism '  that  are  inde- 
pendent of  processes  of  ore  deposition.  Hickling'  states  thatsericite  is 
an  intermediate  product  of  the  kaolinization  of  potash  feldspar  exposed 
to  atmospheric  weathering.     There  is  little  evidence,  however,  that 

1  Lindgren,  Waldemar,  Metasomatic  prooesses  in  fissure  veins,  in  Potepn^,  Frans,  The  genesis  of  on 
deposits,  1002,  p.  532. 

'Lindgren,  Waldemar,  The  copper  deposits  of  the  CUftOB-lfoPenci  disCriet,  Arisona:  Prof.  Ftiper  U.  a 
Geol.  Survey  No.  43, 1905,  p.  125. 

•  Hickling,  George,  China  clay;  Its  waters  and  origin:  Trans.  Inst.  Min.  Eng.  [London],  vol.  36, 19Q»^ 
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sericite  forms  extensively  under  the  conditions  that  prevail  where 
secondary  sulphides  are  deposited. 

Kaolin,  Al,0,.2Si03.2H,0,  is  a  common  product  of  rock  alteration 
under  surface  conditions.  It  forms  where  aluminum  silicates  are 
leached  by  ground  water  that  contains  either  carbonic  or  sul- 
phuric acid.  It  is  abundantly  present  in  the  oxidized  zone  and  in 
the  zone  of  enrichment  in  nearly  all  sulphide  ore  deposits.  As 
a  primary  vein  constituent  *  it  is  exceedingly  rare.  At  Goldfield, 
Nev.,  according  to  Ransome,'  it  was  probably  deposited  simul- 
taneously with  alunite  and  gold  by  ascending  thermal  waters.  In 
several  other  districts,  as  at  the  Rosita  Hills,  Colo.,  and  Rabbit  Hole, 
Nev.,  it  is  associated  with  alunite  and  commonly  with  diaspore  or 
other  hydrous  aluminum  oxides.  Rdsler*  regards  kaolin  as  a  pneu- 
matoly tic  product.  According  to  Gregory,*  the  deposits  of  kaolin  or 
china  clay  of  Cornwall  and  Devon  extend  to  the  bottom  of  some  deep 
mines  and  probably  to  greater  depths.  These  he  regards  as  having 
been  formed  by  solutions  containing  boric  and  fluoric-  acids.  Hick- 
ling,"  however,  regards  the  kaolin  of  Cornwall  as  entirely  secondary. 
At  Goldfield,  Nev.,  kaolin  was  formed  very  near  the  surface  by 
ascending  hot  waters  and  probably  by  partly  oxidized  sulphate 
waters.  Nearly  all  these  data  appear  to  show  that  kaolin  is 
indicative  of  acid  waters. 

It  has  been  shown  that  precipitation  of  copper  sulphide  may  liber- 
ate sulphuric  acid,  which  is  available  for  kaolinization  of  sericite 
or  feldspar  or  other  aluminum  minerals,  and  consequently  kaolin  is 
conmionly  an  associate  of  secondary  chalcocite  and  covellite  in 
aluminous  rocks.  At  Butte,  Mont.,  according  to  S.  F.  Emmons,* 
kaolin  associated  with  secondary  copper  sulphides  was  found  1,100 
feet  deep  in  the  East  Gray  Rock  mine,  and  Kirk '  also  has  reported 
it  at  great  depths.  It  is  abundantly  developed  in  the  oxidized  ores 
at  Bis  bee,  Ariz.,'  and  probably  also  with  chalcocite  ores.  It  is  not  im- 
conmion  as  a  secondary  product  at  Morenci,  Ariz.,*  where,  according 

>  Lindgren,  Waldemftr,  The  relation  of  ore  deposition  to  physical  conditions:  Eoon.  Geology,  vol.  % 
1907,  p.  120.  Ransome,  F.  L.,  Criteria  of  downward  sulphide  enrichment:  Econ.  Geology,  vol.  5, 1910 
p.  212;  discussion  by  S.  F.  Emmons,  p.  477. 

s  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  Goldlield,  Nov.:  Prof.  VsipeT  U.  S.  Oeol.  Survey  No. 
66,  1909,  p.  192. 

s  ROsler,  H.,  BeltrSge  sur  Kenntnim  einiger  KaoUnlagerst&tten:  Neues  Jahrbudi,  Befl.-Bd.  15,  190% 
p.  231;  Ueber  Kaollnbildung:  Zeltachr.  prakt.  Geologic,  1908,  p.  251. 

4  Gregory,  J.  W.,  Criteria  of  downward  sulphide  enrichment  (discussion):  Econ.  Geology,  vol.  5,  1910, 
p.  680. 

» Hickling,  George,  China  clay;  Its  waters  and  origin:  Trans.  Inst.  Min.  Eng.  [London],  vol.  36, 1906-0. 
p.  24. 

•  Emmons,  S.  F.,  The  secondary  enrichment  of  ore  deposits,  in  PoSepn^,  Frani.  The  genesis  of  on 
deposits,  1902,  p.  443. 

7  Kirk,  C.  T.,  CondltkMis  of  mlnenUsation  in  the  copper  veins  at  Butte,  Mont:  Boon.  Geology,  vol.  7. 
1912,  p.  35. 

*  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  Bisbee,  Arts.:  Prof.  Paper  U.  S.  Geoi.  Survey  No.  21 
pp.  32, 147. 

t  Lindgren,  Waldemar,  The  ooppsr  deposits  of  the  Clifton-Moraiicl  district,  AiIbqihi:  Prof.  Paper  U.  a 
Qsol.  Survey  No.  43, 1906,  p.  111. 
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to  Lindgren,  it  is  not  fonned  during  the  sericitization  of  the 
porphyry  which  accompanied  the  formation  of  the  pyritic  veins,  but 
it  accompanies  in  small  amounts  the  chalcocite  in  the  veins  in  por- 
phyry and  the  copper  carbonates  in  decomposed  deposits  in  lime- 
stone. It  occurs  as  veinlets  in  the  quartz  of  several  mines  and  as 
large  masses  in  the  Longfellow  mine,  where  it  is  adjoined  by  limonite. 
Pure  white  kaolin  commonly  occurs  also  with  azurite.  According 
to  Lindgren,^  its  formation  in  limestone  may  be  explained  by  the  action 
of  aluminum  sulphate  on  free  silica  in  the  presence  of  cupric  sulphate: 

Al,(SO,),  +  aCuSO^  +  3CaCO,  +  2SiO,  +  6H,0  = 

3Cu0.2CO,.H,0  +  H,Al,Si,0,  +  3CaS0, + SH^SO^  +  CO,. 

At  Geoi^etown,  Colo.,  according  to  Spurr,  Garrey,  and  Ball,  kaolin 
is  crystallized  in  vugs. 

Kaolinic  ores  commonly  carry  high  values  in  gold  and  sUver. 
A  noteworthy  example  is  seen  at  the  Montgomery  Shoshone  mine 
of  the  Bullfrog  district,  Nevada,  where  the  richer  ores  were  found 
in  altered  claylike  rhyolite.  At  many  places  rich  kaolinic  secondary 
ores  of  silver  are  extensively  developed — ^for  example,  in  the  Broken 
Hill  lode,  Australia.' 

AluniUt  E,0.3Al30,.4SO,.6H,0,  is  a  white  or  faintly  pink  mineral 
which  in  some  of  its  occurrences  closely  resembles  kaolin  and 
sericite.  It  is  formed  from  either  hot  or  cold  solutions.  It  is  not 
known  to  have  formed  under  high  temperature  and  great  pressure. 
The  alunitic  deposits  of  Goldfield,  Rabbit  Hole,  and  Alunite,  Nev., 
and  of  the  Kosita  Hills  and  Rico,  Colo.,  have  been  formed  presumably 
by  hot  ascending  waters  mixed  with  oxygenated  surface  waters. 
TTie  alunitic  veinlets  at  Cripple  Creek,  Colo.,'  and  at  Clifton-Morenci, 
Ariz.,*  and  the  * 'Chinese  talc"  of  LeadviUe,  Colo.,  have  probably  been 
deposited  by  descending  cold  sulphate  waters.  Alunite  is  commonly 
associated  with  kaolin  and  the  ranges  of  the  two  minerals  are  prob- 
ably closely  similar.  Alunite  is  much  less  soluble  than  some  other 
sulphates  of  aluminum  and  is  therefore  relatively  stable  in  oxv- 
genated  solutions.  The  occurrence  and  genesis  of  alunite  have 
recently  been  discussed  by  Butler  and  Gale.* 

Gibhsiley  batixitey  and  diaspore. — Gibbsite,  A1,0,.3H,0,  bauxite, 
A1,0,.2H,0,  and  diaspore,  A1,0,.H,0.  are  hydrated  aluminum  oxides 
corresponding  to  the  hydrous  iron  oxide  series.  By  extreme  weath- 
ering, especially  in  moist,  hot  climates,  these  minerals  are  formed 


1  Undcren,  WaldemAr,  Tbe  copper  deposits  of  tbe  CUfton-MoreDci  district,  Aiiaoos:  Pnit  Fmpm  V.  a 
Oeol.  Sumj  No.  43, 1906,  p.  1». 
s  Clark,  Doniid,  Aastnlian  mininc  mud  metallursy,  1904,  p.  347. 

*  Undcreo,  WaJdemar,  fend  Riuwfwnn,  F.  L.,  Qeolocf  fend  fold  deposits  of  the  CMpple  Qneek  district, 
Oolondo:  Prof.  Pmper  U.  8.  Geol.  Surrey  Na  54, 1906,  p.  12& 

«  Ltadsren,  Waktemar,  op.  cit.,  p.  119. 

•  Batler,  B.  8.,  wad  Gate,  H.  a,  AlanttB,  a  newly  dfauonred  depoA  Bear  Maryvrali,  Utah:  Bnl.  U.  a 
OioL  Sarrey  Nol  ai.  mJL 
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from  aluminum  silicates.^  They  have  been  reported  from  com- 
paratively few  ore  veins  and  those  in  which  they  have  been  identified 
are  almost  without  exception  of  late  Tertiary  age.  It  is  believed 
that  they  have  been  formed  in  some  deposits  very  near  the  surface 
by  reactions  upon  aluminum  silicates.'  The  waters  were  oxidized 
solutions,  probably  hot  sulphate  waters.  In  the  altered  rhyolite 
of  the  Rosita  Hills,  Colo.,'  diaspore  is  associated  with  alunite,  quartz, 
and  kaolin,  and  in  altered  latite  near  Silverton,  Colo.,^  with  alunite 
and  kaolin.  *  Microscopic  crystals  of  diaspore  have  been  identified 
at  several  places  in  the  alunitic-kaolinic  veins  of  Groldfield,  Nev.* 

snjOA. 

It  is  generally  assumed  that  ascending  hot  waters  are  alkaline 
solutions.  If  they  were  acid  at  their  sources  they  would  become 
alkaline  by  reactions  with  wall  rocks  composed  mainly  of  alkaline 
silicates.'  Although  the  alkalies  are  generally  regarded  as  its  natural 
solvents,  sihca  is  dissolved  also  by  acid  waters.  The  amoimt, 
though  small,  is  appreciable  even  in  solutipns  that  give  strongly 
acid  reactions,  and  each  of  the  37  samples  of  Wftter  whose  analyses 
are  stated  on  pages  60-63  carries  silica.  In  dilute  acid  waters  the 
silica  is  generally  assumed  to  be  mainly  or  altogether  in  the  colloidal 
state.  It  would  be  supposed  that  siUca  would  increase  with  carbon 
dioxide,  but  this  is  not  clearly  apparent  from  a  survey  of  the 
analyses,  nor  is  the  increase  of  alkalies  with  silica  pronounced. 
The  water  that  is  richest  in  silica  is  a  strongly  acid  water  of  the 
Comstock  lode  (No.  23). 

The  secondary  metallic  silicates  chrysocolla,  calamine,  and  wil- 
lemite  have  already  been  discussed.  These  are  formed  possibly  in 
the  presence  of  acid  solutions,  and  to  judge  from  their  mineral  asso- 
ciation, the  various  forms  of  hydrated  silica,  such  as  chalcedony 
and  chert,  may  be  formed  under  similar  conditions.  It  is  doubt- 
ful whether  clear  crystalline  quartz  is  deposited  to  any  considerable 
extent  by  cold  descending  acid  sulphate  waters.  In  the  zinc  de- 
posits of  southwest  Wisconsin,  which  were  formed  presumably  by 
cold  sulphate  waters,  quartz  is  notably  absent.  Some  of  the  dis- 
seminated lead  ores  of  southeastern  Missouri  carry  5  per  cent  silica, 
and  an  appreciable  amoimt  of  silica  is  present  in  the  sulphate- 

>  Worth,  H.  and  F.  J.,  Qeol.  Ifag.,  1903,  p.  154.    Worth,  H.,  Min.  Mag.,  vol.  13,  p.  172, 1902. 

*  Hayes,  C.  W.,  Geology  of  the  bauxite  region  of  Georgia  and  Alabama:  Sixteenth  Ann.  Rept.  U.  S. 
Geol.  Survey,  pt  3, 1895,  p.  547;  Trans.  Am.  Inst.  ICin.  Eng.,  vol.  24, 1894,  p.  243. 

*  Cross,  Whitman,  Geology  of  Silver  CUfl  and  the  Rosita  Hills,  Colo.:  Seventeenth  Ann.  Rept  U.  S. 
Geol.  Survey,  pt.  2, 1890,  pp.  316-317. 

*  Ransome,  F.  L.,  Eoonomic  geology  of  the  SilvertoD  quadrangle,  Colo.:  Bull.  U.  8.  Geol.  Survey  No. 
182, 1901  (rqxrtnted  in  1903),  pp.  121-124. 

*  Ransome,  F.  L.,  Geology  and  ore  depositB  of  Gotdfleld,  Ner.:  Prof.  Paper  U.  8.  Geol.  Survey  No.  66^ 
1909,  p.  125. 

*  Allen,  B.  T.,  Sulphides  of  Iron  and  their  genesis:  Mln.  and  SeL  Pnss,  voL  lOe,  1911.  p.  413. 
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carbonate  waters  of  the  mines  of  that  region.  The  mine  waters^ 
carry  considerable  quantities  of  alkalies  and  alkali  earths  and  give 
an  alkaline  reaction.  Certain  quartzose  ore  deposits  have  been 
regarded  as  the  results  of  enrichment  or  concentration  by  downr 
ward-moving  waters,  and  clear  crystalline  quartz  is  found  in  geodes 
remote  from  igneous  intrusives  and  forms  the  interstitial  filling  of 
sandstones  that  have  bew  converted  into  quartzites. 

The  association  of  sulphide  ores  with  abundant  quartz  is  coiimionly 
supposed  to  indicate  that  they  were  deposited  by  alkaline  solutions. 
A  study  of  the  paragenesis  of  most  deposits  yields  results  that  are  in 
harmony  with  this  conclusion,  for  quartz,  as  above  stated,  is  deposited 
sparingly  with  secondary  sulphide  ores.  In  some  deposits,  however, 
it  occurs  as  veinlets  filling  small  cavities  and  is  clearly  more  recent 
than  the  bulk  of  the  ore.  Some  such  veinlets  may  be  due  to  deposi- 
tion from  descending  solutions.  At  Tintic,  Utah,  evidence  of  depo- 
sition of  quartz  in  late  stages  of  ore  formation  is  very  clear.'  At  Lake 
City,  Colo.,  according  to  Irving  and  Bancroft* — 

the  white  quarts  iccura  without  question  in  more  than  one  generation,  but  the  bulk 
of  it  is  younger  than  any  of  the  metallic  minerals,  for  it  cuts  througji  sphalerite,  galena, 
tetrahedrite,  pyrite,  and  even  rhodochrosite  in  places.  Veinlets  of  this  white  quarts 
alao  frequently  cement  shattered  manses  of  the  metallic  minerals. 

At  Cripple  Creek  ^  quartz  replaces  celestite,  but  the  period  of  its 
genesis  is  presumably  uncertain.  As  emphasized  by  Van  Hise,*  the 
quartz  deposited  by  descending  waters  is  laid  down  mainly  below  the 
zone  of  weathering  in  the  **belt  of  cementation."  Lindgren  places  it 
in  the  group  with  epidote,  muscovite,  pyrite,  and  other  minerals  that 
are  formed  distinctly  below  the  zone  of  active  oxidation.  The  valu- 
able contribution  of  Wright  and  Larsen  •  on  the  use  of  quartz  as  a 
geologic  thermometer  should  be  mentioned  here,  since  it  suggests 
methods  that  may  lead  to  a  more  definite  understanding  of  the 
genesis  of  quartzose  deposits. 

Chalcedony,  chert,  jasper,  and  like  minerals  are  ciyptocrystalline 
forms  of  silica  which  are  deposited  under  different  conditions  of  tem- 
perature and  pressure.  They  are  more  abundant  in  deposits  formed 
by  sedimentary  processes,  in  cold-water  deposits,  in  secondary  zones, 
in  sinters,  and  in  veins  of  late  geologic  age  than  in  veins  formed  at 
depths  imder  higher  temperature  and  pressure.  In  the  latter  crystal- 
line quartz  is  more  common. 

>  Buckley,  E.  R.,  Oeology  of  the  disaeminated  lead  deposits  of  St.  Francois  and  Washington  ooiinties. 
Mo.:  ICisaouri  Bur.  Geology  and  Mines,  vol.  9,  pt  1, 1800,  p.  249. 

•  Tower,  O.  W.,  and  Smith,  O.  O.,  Oeology  and  mining  industry  of  the  Tintic  district,  Utah:  Nineteeoth 
Ann.  Kept.  U.  S.  Oeol.  Survey,  pt.  3, 1899,  p.  602. 

•  Irving,  J.  D.,  and  Bancroft,  Howland,  Oeology  and  ore  deposits  near  Lake  City,  Colo.:  Bull.  U.  S.  Ctod. 
Survey  No.  478, 1911,  p.  60. 

« lindgrao,  Waldemar,  and  Ransome,  F.  L.,  Oeology  and  gold  deposits  of  the  Oipple  Creek  district, 
Colorado:  Prof.  Paper  U.  S.  Oeol.  Survey  No.  54, 1906,  p.  123. 

•  Van  Hise»  C.  R.,  A  treatise  on  metamorphlsm:  Mon.  U.  8.  Oeol.  Survey,  vol.  47, 1904,  pp.  634-89*. 

•  Wright,  F.  B.,  and  Lanen,  B.  8.,  Quarts  as  a  geologic  thermometer:  Am.  Jour.  Sci.,  4th  aar.,  voL  S8, 
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The  secondary  chalcedonic  quartz  that  is  commonly  associated  with 
sulphide  ores  should  be  especially  noted  here.  At  Cananea,  Sonora; 
Morenci,  Ariz. ;  Goldfield,  Nev. ;  and  near  Silverton,  Colo.  (Yankee  Girl 
and  similar  deposits),  many  of  the  ore  deposits  are  capped  with  highly 
siliceous  outcrops,  whereas  the  ore  at  short  distances  below  the  sur- 
face is  not  so  siliceous.  A  concentration  of  silica  at  the  surface  in 
some  of  these  deposits  is  unmistakable,  yet  in  several  of  them  not  all 
the  silica  appears  to  be  residual  quartz  of  the  ore  accumulated  at  the 
surface  by  the  removal  of  other  minerals.  Some  shallow  pits  at 
("ananea  pass  through  a  siliceous  capping  into  white  material, 
streaked  with  iron  oxide,  consisting  principally  of  sericite  and  kaolin 
with  small  crystals  of  pyrite  and  chalcopyrite  and  probably  of  some 
residual  feldspar.  This  loose  cellular  material  contains  very  little 
silica,  and  as  its  pore  spaces  carry  crystals  of  iron  and  copper  sul- 
phates it  is  a  natural  inference  that  sulphate  solutions  have  attacked 
the  kaolin  and  by  long-continued  action  have  removed  alimiinum  and 
set  silica  free.  Analyses  of  mine  waters  indicate  that  some  acid 
solutions  dissolve  aluminum  in  considerable  quantities,  for  it  is  pres- 
ent in  appreciable  amoimt  in  nearly  all  the  waters  and  was  noted  in 
four  samples  from  Cananea. 

Kaolin  is  generally  regarded  as  a  comparatively  stable  mineral  in 
the  oxidized  zone.  At  Morenci,  Ariz.,  however,  according  to  Lind- 
gren,*  kaolin  is  decomposed  by  acids,  which  carry  aluminum  into  solu- 
tion. Such  reactions  may  be  attended  by  the  liberation  of  silica, 
which  presumably  would  be  hydrous  silica,  but  at  the  very  surface, 
perhaps,  the  hydrous  varieties  are  dehydrated  to  form  quartz,  after 
the  manner  that  limonite  is  dehydrated  in  hot  dry  climates  to  form 
hematite. 

Siliceous  cappings  are  extensively  developed  in  and  near  the  copper- 
bearing  porphyry  at  Ely,  Nev.  Lawson '  has  shown,  however,  that 
some  of  the  siliceous  material  or  **blout"  that  outcrops  at  Ely  is 
probably  residual  jasper. 

SULPHtTB   AND   SULPHATES. 

SOLUBILITT. 

« 

The  genesis  of  the  principal  sulphates  of  copper,  lead,  zinc,  iron, 
and  aluminum  has  already  been  considered.  In  all  their  occur- 
rences these  minerals  are  probably  secondary,  except  alunite,  the 
sulphate  of  aluminum  and  potash,  which  is  primary  in  some  deposits. 
Several  of  the  sulphates — for  example,  those  of  magnesium,  manganese, 
zinc,  and  silver — are  so  soluble  that  they  rarely  accumulate  in  ore 

>  Lindgren,  Waldemar,  The  copper  deposits  of  the  GUfton-lioreiiei  district,  Atiumm:  Prof.  Paper 
U.  8.  Geol.  Survey  No.  43, 1906,  p.  108. 

•  Lawson,  A.  C,  The  copper  deposits  of  the  Robinson  mining  district,  Nevada:  Bull  Dept  Oeologj 
UnlT.  CaUfomia,  vol.  4, 1900.  p.  837. 
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deposits  and  are  of  little  or  no  importance  as  vein  minerals.  The 
solubilities  of  some  of  the  sulphates  (determined  by  Kohlrausch)  are 
stated  below. 


K9804. 

Na«SO«. 

Ags804. 

Ba80«. 

SrSO«. 

CaSOi. 

MgSOi. 

Zii80«. 

PbSO«. 

111.1 

.82 

168.3 
1.15 

5.5 
.02 

0.0023 
.00001 

0.11 
.0006 

2.0 
.015 

354.3 
2.8 

831.2 
3.1 

0.041 
.00013 

The  upper  number  shows  the  number  of  grams  in  a  solution  of  1 
liter  of  water;  the  lower  number  the  molar  solubility. 

Of  the  sulphates  that  occur  as  gangue  minerals,  gjrpsum,  barite, 
and  celestite  are  important.  Anhydrite  ^  is  much  less  common, 
although  it  is  abundant  as  a  gangue  mineral  in  some  deposits  of  the 
Newhouse  district,  Utah.  Under  oxidizing  conditions  it  is  unstable 
and  passes  into  the  hydrated  calcium  sulphate,  gypsum. 

OOOUBJBMMOE. 

Native  sulphur  is  not  an  abundant  alteration  product  of  sulphide 
ores.  The  sulphur  of  commerce  is  obtained  from  other  sources. 
Small  quantities  of  sulphur,  however,  are  not  rare  in  oxidized  or  partly 
oxidized  ores.  As  shown  by  Vogt,  it  is  formed  from  several  sulphides 
by  reaction  with  ferric  chloride.  According  to  Spurr,  sulphur  has 
formed  on  the  outside  of  sulphide  ore  on  the  dump  of  the  Leadville 
mine  at  Aspen.'  It  incrusts  sulphide  ores  in  the  Bunker  Hill  mine 
at  Henderson,  Mont.,  and  occurs  sparingly  in  the  altered  ores  of 
Ducktown,  Tenn.  It  is  an  alteration  product  of  galena  in  the  Moun- 
tain View  lead  mine  of  Carroll  County,  Md.,'  and  in  the  Wheatley 
mine  near  Phoenixville,  Pa.*  With  anglesite  it  coats  cavities  in 
galena  at  Tintic,  Utah.* 

According  to  Stokes,'  sulphur  is  formed  in  the  first  stage  of  the 
oxidation  of  pyrite.     The  reaction  is — 

FeS,  +  Fe,(SOJ,  =  SFeSO^  +  2S. 

The  sulphur  readily  reacts  with  ferric  sulphate  to  give  more  ferrous 
sulphate  and  acid: 

2S  +  6Fe,(S0,),  +  SH^O  =  12FeS0,  +  SHjSO^. 

In  the  presence  of  ferrous  sulphate  and  hydrogen  sulphide,  sulphur 
unites  with  ferrous  sulphide'  to  form  pyrite  and  with  silver  •  to  form 

1  Llndgren,  Waldemar,  Anhydrite  as  a  gangoe  ndiMrml:  Econ.  Geology,  vol.  5, 1910,  p.  525. 

•  Sparr,  J.  E.,  Geology  of  the  Aspen  mining  district,  Colorado:  Mon.  U.  6.  Geol.  Sunrey,  yxA.  31, 1806, 
p.  239. 

•  Williams,  G.  H.,  Zeitschr.  KrystaUographle  und  Mineralogie,  vol.  22, 1894,  p.  575. 
4  Hlntie,  Carl,  Handboch  der  Mineralogie,  vol.  1, 1897,  p.  90. 

•  Tower,  O.  W.,  Jr.,  and  Smith,  G.  O.,  Geology  and  mining  industry  of  the  Tintic  district,  Utah:  Nine, 
teenth  Ann.  Rept.  U.  6.  Geol.  Survey,  pt.  3, 1899,  p.  704. 

•  stokes,  H.  N.,  On  pyrite  and  marcasite:  Bull.  U.  S.  Geol.  Survey  No.  186, 1901,  p.  15. 

'  Allen,  E.  T.,  Crenshaw,  J.  L.,  and  Johnston,  John,  The  mineral  sulphides  of  iron:  Am.  Joor.  Set., 
aer.,  vol.  33, 1912,  p.  109. 
•Oookt,  H.  (Xy  unpabUahed  maouaortpt. 
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argentite.    By  these  and  other  processes  it  is  probably  removed  from 
most  deposits  nearly  as  rapidly  as  it  is  formed. 

Gypsum,  CaS04.2H,0,  is  a  common  mineral  of  ore  veins  but  is  rare 
in  portions  of  deposits  that  have  not  been  exposed  to  oxidizing  solu- 
tions. According  to  A.  E.  H.  Tutton/  gypsum  is  decomposed  at 
150°  C,  and  possibly  at  120°.  It  has  probably  been  formed  invari- 
ably at  low  temperatures.  Gypsum  is  present  in  decomposed  vein, 
matter  at  Cripple  Creek '  and  at  Creede,  Colo.,  and  in  the  secondary 
sulphide  zone  at  Butte,  Mont.*  Veinlets  of  gypsum  are  abundant  at 
Ely,  Nev.,  in  ores  in  porphyry.  At  Morenci,  Ariz.,  according  to 
Lindgren,*  it  is  present  in  oxidized  deposits  in  limestone,  where  copper 
carbonates  are  formed  by  reaction  between  sulphates  and  calcium 
carbonates.  It  forms  from  calcite  at  Aspen,  Colo.,*  and  is  in  part 
postglacial,  for  it  cements  glacial  d6bris.  It  is  associated  with  the 
altered  ores  at  Tonopah,  Nev.,*  and  is  present  in  most  of  the  deposits 
of  Goldfield,  Nev.,^  where  it  occurs  below  the  zone  of  oxidation.  In 
the  Dixon  mine,  Bingham,  Utah,  according  to  Boutwell,*  a  consider- 
able body  of  gypsum  was  found  between  the  carbonate  lead-silver 
ore  and  the  parent  sulphides.  Crystals  of  gypsum  are  coated  with 
hematite  in  the  Ajax  mine  at  Tintic,  Utah.* 

BariUj  BaSO^,  has  not  been  identified  in  igneous  rocks,^*  in  pegma- 
tites, or  in  contact-metamorphic  deposits  but  is  found  in  both  the 
oxidized  and  unoxidized  portions  of  ore  lodes.  It  is  not  unknown  in 
some  deposits  presumably  formed  at  considerable  depths.  In  the 
Gold  Hunter  mine  of  the  Coeur  d'Alene  district  "  it  is  associated  with 
galena,  sphalerite,  and  tetrahedrite.  In  this  district  it  is  present  also 
in  the  ore  ^f  the  Standard-Manmioth  mine.  In  some  of  Uie  sulphide 
copper  ores  of  Shasta  County,  Cal.,"  barite  is  a  characteristic  gangue 
mineral.  In  many  deposits  of  later  age,  which  were  presumably 
formed  nearer  the  surface,  barite  is  abundant.     It  is  present  in  many 

>  Tntton,  A.  E.  H.,  The  optical  constants  of  gypsom  at  different  temperattires:  Proo.  Rojral  Soc.  Lon- 
don, vol.  81A,  1008,  p.  40. 

*  Lindgren,  Waldemar,  and  Ransome,  F.  L.,  Geology  and  ore  deposits  of  the  Cripple  Creek  district,  Colo- 
rado: Prof.  Paper  U.  S.  Oeol.  Survey  No.  54, 1006,  p.  125. 

*  Winchell,  A.  N.,  Criteria  of  downward  sulphide  enrichment  (discussion):  Econ.  Geology,  vol.  5,  1010, 
p.  480. 

*  Lindgren,  Waldemar,  The  copper  deposits  of  the  CUfton-lf orenci  district,  Arizona:  Prof.  Paper  U.  S. 
Geol.  Survey  No.  43, 1005,  p.  120. 

>Spurr,  J.  £.,  Geology  of  the  Aspen  mining  district,  Colorado:  Mon.  U.  S.  Geol.  Survey,  vol.  31, 
1808,  p.  24. 

•Spurr,  J.[E.,  Geology  of  the  Tonopah  mining  district,  Nevada:  Prof.  Paper  U.  S.  Geol.  Survey  No.  42, 
1005,  p.  06. 

'  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  Goldfield,  Nov.:  Prof.  Paper  U.  S.  Geol.  Survey 
No.  66, 1000,  p.  128. 

*  Boutwell,  J.  H.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  S.  Geol. 
Survey  No.  38, 1005,  pp.  110, 204. 

*  Tower,  O^  W.,  Jr.,  and  Smith,  G.  O.,  Geology  and  mining  industry  of  the  Tintic  district,  Utah:  Nine- 
teenth Ann.  Kept.  U.  8.  Geol.  Survey,  pt.  3, 1800,  p.  004. 

»  Clarke,  F.  W.,  The  data  of  geochemistry,  2d  ed.:  Bull.  U.  6.  Geol.  Survey  No.  401, 1011,  p.  555. 

u  Ransome,  F.  L.,  and  Calkins,  F.  C,  The  geology  and  ore  deposits  of  the  Coeur  d'AIene  district,  Idaho: 
Prof.  Paper  U.  8.  Geol.  Survey  No.  68, 1006,  p.  103. 

»  Oimton,  L.  C,  The  ooouxTenoe  of  copper  in  Shasta  County,  CaL:  Boll.  U.  8.  Geol.  Survey  No.  430, 1010. 
p.  102.  ' 
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lode  deposits  of  southwestern  Colorado,  in  some  of  which,  as  noted  by 
Irving  and  Bancroft/  it  was  formed  by  ascending  hot  waters.  In 
some  veins  that  are  of  great  vertical  extent  barite  is  abundant  in 
their  higher  portions  but  lacking  at  greater  depths.  It  is  inferred 
that  the  barite  is  primary  but  was  deposited  under  lower  pressures 
than  those  which  prevailed  in  the  deeper  parts  of  the  veins.  In 
many  Lake  City  deposits  it  is  the  most  abundant  mineral.  It  is 
clearly  of  earlier  deposition  than  quartz,  for  quartz  very  commonly 
incrusts  crystals  that  project  into  central  cavities. 

The  deposits  at  Creede,  Colo.,'  contain  considerable  barite.  Some 
of  this  is  thought  to  have  formed  as  a  primary  constituent  of  the  ore, 
but  some  that  fills  cracks  and  crevices  in  limpnite  is  later  than  tlie 
first  period  of  mineralization  and  is  probably  secondary.  At  Wagon- 
wheel  Gap,  near  by,  it  has  formed  along  a  fissure  near  which  hot 
springs  now  issue.  At  Aspen,  Colo.,  barite  is  cut  by  veinlets  of 
argentite  and  native  silver  and  is  intimately  associated  with  poly- 
basite.'  It  is  found  with  kaolinite  in  deposits  at  Goldfield,  Nev.* 
Barite  is  commonly  present  in  the  gangue  of  copper  deposits  in  the 
**Red  Beds"  of  the  Southwest  that  have  formed  through  the  agency 
of  cold  solutions.* 

Although  barite  forms  under  conditions  of  surface  alteration,  it  is 
not  so  commonly  associated  with  the  secondary  sulphides  as  gypsum 
and  kaolin.  Owing  to  its  insolubiUty  it  persists  in  tlie  oxidized 
zones.  In  many  deposits  it  outcrops  at  the  surface  and  it  is  found 
in  oxidized  ores  from  which  all  the  sulphides  have  been  dissolved. 

Cdestitey  SrS04,  is  not  reported  as  an  original  constituent  of  igneous 
rocks,  of  pegmatites,  or  of  contact-metamorphic  deposits.  *  It  occurs 
in  certain  ore  bodies  that  were  formed  relatively  near  the  surface  by 
hot  ascending  waters.  It  is  formed  also  in  deposits  far  removed  from 
igneous  rocks,  and  in  some  lodes  it  is  probably  a  secondary  mineral 
deposited  by  cold  sulphate  waters.  It  is  not  nearly  so  common  as 
barite. 

Although  celestite  is  relatively  rare  in  ore  veins,  at  Cripple  Creek 
it  is  both  a  primary  and  secondary  mineral.  Slender  needles  of 
celestite  coat  openings  in  the  vein  fissures  far  below  the  zones  of 
oxidation  •  and  pseudomorphs  of  quartz  after  celestite  are  of  fre- 
quent occurrence  in  some  of  the  Cripple  Creek  deposits. 

>  Irving,  J.  D.,  and  Bancroft,  Howland,  Geology  and  ore  deposits  near  Lake  City,  Colo.:  Boll.  U.  S.  GeaL 
Survey  No.  478, 1911,  pp.  34,  35,  45. 

>  Emmons,  W.  H.,  and  Larsen,  E.  S.,  Oeology  and  ore  deposits  of  Creede,  Colo.:  Bull.  U.  8.  G«ol.  Survey 
(in  preparation). 

•Spurr,  J.  E.,  Oeology  of  the  Aspen  mining  district,  Colorado:  If  on.  U.  6.  GeoL  Survey,  voL  31, 180S; 
p.  228. 

iRansome,  F.  L.,  The  geology  and  ore  deposits  of  Ooldfleld,  Nev.:  Prof.  PapwU.  a  QeoL  Survey 
No.  66, 1909,  p.  128. 

^Lindgren,  Waidemar,  Graton,  L.  C.  and  Gordon,  C.  H.,  The  ore  deposits  of  New  Ifezloo:  PraC 
Paper  U.  S.  Geol.  Survey  No.  68,  1910,  p,  78. 

•  Llndgren,  Waidemar,  and  Ransomc,  F.  L.,  Geology  and  gold  depoails  of  tlie  Cripple  Creek  diitriD^ 
Colocado:  Prof.  Paper  U.  S.  Geol.  Survey  No.  H  1906,  p.  UK. 
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Jarosite,  K,0.3Fe,Og.4S04.6H,0,  is  a  brownish-yellow  sulphate 
that  resembles  limonite  in  color  and  occurrence  and  is  easily  con- 
fused with  that  mineral.  Like  limonite  it  forms  in  the  oxidized  zone 
of  iron  sulphide  deposits.  It  occurs  at  Tintic,  Utah,  and  probably  at 
Goldfield,  Nov.*  It  is  found  at  the  outcrop  of  the  Amethyst  vein 
at  Creede,  Colo.  Mr.  B.  S.  Butler  informs  me  that  it  is  present  in  the 
oxidized  ore  in  a  number  of  deposits  in  Utah. 

OABBONATES. 

The  alkali-earth  carbonates  are  fairly  insoluble  in  water,  as  indi- 
cated in  the  following  table: 

Solubility  of  wme  carbonates  in  waUr  at  18^, 


KiCOi. 

NaiCOa. 

AgtCOi. 

BaCOf. 

SrCOs. 

CaCOi. 

KgCOi. 

ZnCOa. 

PbCOs. 

1080 
5.9 

193.9 
1.8 

0.03 
.0001 

0.023 
.00011 

0.011 
.00007 

0. 013 
.00013 

LO 
.01 

0.04? 
.00037 

0.001 
.00003 

The  upper  number  gives  the  grams  of  anhydrous  salt  held  in 
solution  by  1  liter  of  water;  the  lower  number  the  molar  solubility  or 
number  of  mols  contained  in  a  liter  of  the  saturated  solution.  The 
determinations  were  made  by  Kohlrausch  by  the  conductivity 
method. 

In  sulphide  ores  barium  carbonate  (witherite)  and  strontium 
carbonate  (strontionite)  are  rare.  Calcite  and  dolomite  are  more 
common  as  vein  minerals.  In  accordance  with  their  occurrence  in 
deposits  formed  under  widely  different  conditions  both  are  termed 
persistent  minerals.'  Both  are  attacked  by  sulphuric  acid,  and 
calcite  is  dissolved  in  very  dilute  acid  sulphate  solutions.  It  could 
not  be  formed,  therefore,  in  moderately  acid  waters.  Where 
secondary  in  sulphide  deposits,  both  calcite  and  dolomite  are  formed 
mainly  below  the  zone  of  active  oxidation,  in  solutions  that  have 
become  feebly  acid  or  alkaline. 

The  occurrence  of  the  carbonates  of  copper,  lead,  and  zinc  has 
already  been  discussed.  These  are  formed  from  acid  solutions  and 
are  deposited  extensively  in  oxidized  zones.  None  of  them  are 
known  to  form  in  depth  by  deposition  from  thermal  waters.  Sider- 
ite  (ferrous  carbonate)  is  less  common  in  lode  deposits  and  is  gen- 
erally primary.  It  is  deposited,  however,  under  some  conditions 
of  sedimentation — for  example,  in  the  *' black  band"  iron  ores.  Its 
occurrence  as  a  product  of  surface  alteration  is  exceedingly  rare, 

>  Ransome.  F.  L.,  The  geology  and  ore  deposits  of  Goldfield,  Nev.:  Prof.  Paper  U.  S.  Oeol.  Survey  No. 
66, 1909,  p.  133. 

t  Lindgren,  Waldemar,  The  relation  of  ofe  deposittan  to  physloal  conditioQ^:  Ecoa.  Geology,  tqI.  2. 
1907,  p.  108. 

72293**— Bull.  529—18 U 
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although  the  ferrous-carbonate  molecule  is  present  in  ankeriie  and 
in  some  other  carbonates  which  are  assumed  to  be  secondary  in  some 
deposits.  According  to  Ransome/  impure  siderite  occurs  in  vein- 
lets  traversing  sulphide  ores  at  Breckenridge,  Colo. 

Rhodochrosite,  the  carbonate  of  manganese,  is  fairly  abimdanjt 
in  many  precious-metal  ores.  In  the  United  States  it  is  almost 
imknown  in  such  deposits  that  are  older  than  the  Tertiary.  There 
is  Httle  evidence  that  rhodochrosite  is  deposited  by  descending 
sulphate  waters,  although  the  manganese-carbonate  molecule  is 
probably  present  in  some  complex  carbonates  that  are  assumed  to 
be  secondary.  In  the  bog-manganese  deposits,  which  have  formed 
by  sedimentary  processes,  the  manganese  oxides  predominate,  but 
some  of  these  deposits  contain  also  rhodochrosite.'  Although  the 
soluble  carbonates  precipitate  silver  carbonate  from  solutions  of 
silver  salts  in  the  laboratory,  and  although  silver  sulphate  is  more 
soluble  than  silver  carbonate,  the  latter  is  nevertheless  unknown 
in  mineral  deposits. 

SUMMARY  REVIEW  OF  SEVERAL  CLASSES  OF  DEPOSITS. 

On  the  following  pages  a  number  of  the  principal  sulphide  deposits 
of  copper,  gold,  and  silver  ores  in  North  America  are  briefl^  de- 
scribed, in  order  that  the  several  districts  may  readily  be  compared 
to  ascertain  the  extent,  character,  and  distribution  of  the  secondary 
ores  in  them.  As  already  stated,  many  of  the  problems  arising  in 
this  connection  are  now  only  in  process  of  solution.  Yet  by  group- 
ing these  deposits  in  several  ways,  certain  facts  are  more  or  less 
clearly  indicated.  The  conclusions  stated  below  appear  to  be  war- 
ranted by  the  data  presented  herewith. 

COPPER  DEPOSrrS  IN  GENERAL. 

1.  The  deposits  of  many  copper  districts  do  not  exhibit  evidence 
of  appreciable  chalcocite  enrichment.  Examples:^  Kasaan  Penin- 
sula, Alaska;  Prince  William  Sound,  Alaska;  Sudbury,  Ontario; 
Boundary  district,  British  Columbia;  Copperopolis,  Cal.;  Frisco, 
Utah  (Cactus  mine) ;  La  Reforma  mine,  Mexico ;  probably  San  Jose, 
Velardefia,  and  Nacozari,  Mexico.  The  mines  of  the  Braden  Copper 
Co.,  operating  in  Chile,  may  be  added  to  this  list. 

2.  Deposits  showing  no  chalcocite  enrichment,  located  in  countries 
that  have  recently  been  glaciated,  include  those  of  the  following 
regions:  Kasaan  Peninsula  and  Prince  William  Sound,  Alaska;  Sud- 
bury, Ontario;  Boundary  district,  British  Columbia.  They  include 
also  deposits  in  countries  that,  so  far  as  I  can  discover,  have  not 

1  Ransome,  F.  L.,  Geology  and  ore  deposits  of  the  Bieckenridge  district,  Colorado:  Prof.  Paper  U.  & 
GeoL  Surrey  No.  75, 1911,  p.  169. 
*  Penrose,  R.  A.  F.,  jr.,  The  superficial  alteration  of  ore  deposits:  Jour.  Qeology,  tqI.  2,  IflM,  pw  SOft. 
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recently  been  glaciated:  La  Reforma,  Copperopolis ?,  Nacozari,  San 
Jose. 

3.  Deposits  that  do  not  contain  appreciable  chalcocite  zones  are 
found  in  countries  of  widely  different  latitudes:  Alaska,  British 
Columbia,  Ontario,  California,  Utah,  Mexico,  and  Chile. 

4.  Deposits  that  do  not  contain  appreciable  chalcocite  zones  exhibit 
primary  ores  containing  pyrrho titer  Kasaan  Peninsula  and  Prince 
William  Sound,  Alaska;  Sudbury,  Ontario;  Boundary  district,  British 
Columbia.  They  also  exhibit  primary  ores,  in  the  available  descrip- 
tions of  which  pyrrho tite  is  not  mentioned:  La  Reforma;  Copper- 
opolis;  Cactus  mine,  Utah;  Nacozari  (some  bomite  enrichment),  San 
Jose,  Velardefia,  Mexico;  Braden,  Chile. 

5.  All  or  nearly  all  the  pyrrhotitic  deposits  which  do  not  exhibit 
secondary  chalcocite  zones  are  in  recently  glaciated  areas.  Some 
of  these  deposits  carry  sphalerite. 

6.  All  the  deposits  described  that  are  located  in  the  lower  latitudes 
and  that  show  no  appreciable  chalcocite  enrichment  have  primary  ores 
of  pyrite  and  chalcopyrite.  Zinc  blende  is  wanting  or  not  abundant 
in  most  of  these  deposits,  but  VelardefLa  (Copper  Queen  mine)  and 
Frisco  (Cactus  mine)  are  exceptions.  Possibly  there  are  some  others. 
In  none  of  these  deposits  is  pyrrhotite  reported. 

7.  In  glaciated  areas  oxidized  ores  for  this  group  are  subordinate 
or  lacking.  In  areas  not  glaciated  a  few  of  the  deposits  exhibit  oxi- 
dized ores  of  some  commercial  importance. 

8.  In  all  or  nearly  all  the  deposits  in  low  latitudes  which  do 
not  show  appreciable  chalcocite  enrichment  complete  oxidation  has 
proceeded  to  comparatively  shallow  depths.  The  lodes  in  general 
are  said  to  be  relatively  impervious.  The  copper-sulphate  solutions 
probably  move  laterally  and  issue  at  the  surface  before  reducing 
conditions  are  met,  or,  escaping  into  the  wall  rock,  their  copper  con- 
tent is  scattered.    La  Reforma  is  a  good  example. 

9.  I  know  of  no  pyrrhotitic  copper  deposit  in  a  low  latitude  or  in  a 
country  not  glaciated  that  shows  no  chalcocitization  whatever.  Some 
pyrrhotite  at  least  reacts  so  readily  with  acid  to  give  hydrogen  sul- 
phide that  acid  solutions  may  be  reduced  and  copper  sulphide  may 
be  precipitated  even  with  access  of  some  air.  Precipitation  of  a 
copper  sulphide  is  now  in  progress  on  ore  surfaces  in  mines  of  Duck- 
town,  Tenn.,  above  the  present  water  level.  Such  precipitation 
probably  does  not  take  place  in  the  higher  levels  on  pyrite  and 
chalcopyrite. 

10.  The  copper  content  of  some  of  the  pyrrhotitic  deposits  in  gla- 
ciated areas  decreases  with  increase  in  depth.  Possibly  a  former 
chalcocite  zone  was  planed  off  by  the  ice  and  a  secondary  chalcopyrite 
zone  was  not  completely  removed.  This  is  strongly  suggested  by 
relations  in  the  Boundary  district,  British  Columbia. 
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COFFER  DEFOSrrS  WITH  SHALLOW  CHALCOCITE  ZONS8. 

11.  Many  copper  deposits  exhibit  shallow  chalcocite  zones.  These 
include  Ducktown,  Tenn. ;  Stone  Hill,  Ala. ;  Gossan  lead,  Va. ;  Ely, 
Vt.;  Queen  of  Bronze  mine,  Oreg.;  Santiago,  Cuba;  Pinar  del  Rio, 
Cuba;  and  La  Dicha,  Mexico.  Possibly  Encampment,  Wyo.;  Shasta 
County,  Cal. ;  and  the  Highland  Boy  mine  of  Bingham,  Utah,  should 
be  mentioned  here. 

12.  The  examples  cited  above  are  outside  of  the  limits  of  the  con- 
tinental ice  sheets.  A  deposit  on  Prince  William  Sound,  Alaska,  how- 
ever, shows  a  few  inches  of  secondary  sulphide  ore. 

13.  The  ores  of  all  but  one  of  these  deposits .  carry  pyrrhotite.  In 
most  of  them  it  is  abimdant.  The  ores  of  Shasta  Coimty,  Cal.,  carry 
considerable  sphalerite  but  little  or  no  pyrrhotite. 

14.  The  chidcocite  zones  of  most  of  the  deposits  of  this  group  range 
in  vertical  dimensions  from  1  foot  to  10  feet.  In  some  of  the  de- 
posits, however,  their  vertical  extent  is  200  feet  or  more. 

15.  The  secondary  chalcocite  ores  of  these  deposits  are  generally 
rich.    Some  of  them  carry  over  20  per  cent  copper. 

16.  Gold  or  gold  and  silver  are  very  commonly  concentrated  in  the 
secondary  copper  ores. 

17.  A  zone  of  chalcopyrite  enrichment  may  exist  below  the  chalco- 
cite zone,  and  it  I^ay  be  of  considerably  greater  vertical  extent  than 
the  secondary  chalcocite  zone.  E^xamples:  Ducktown,  Tenn.;  Rio 
Tin  to,  Spaia;  possibly  others. 

18.  Pay  ores  are  commonly  found  below  the  zone  of  probable 
chalcopyrite  enrichment  and  some  of  them  are  of  moderately  high 
grade.     Few,  if  any,  however,  could  be  classed  as  bonanza. 

COPPEE  DEPOSITS  WITH  MODEBATELT  DEEP  CHALCOCITE    ZONSS. 

19.  In  many  deposits  of  copper-sulphide  ores  secondary  chalcocite 
extends  to  moderately  great  depths.  Examples  are  Morenci,  Bisbee, 
Globe,  Miami,  Ray,  and  Jerome,  Ariz.;  Santa  Rita  (Chino),  N.  Mex.; 
Ely,  Nev.;  Bingham,  Utah  (in  part);  Cananea,  Sonora  (in  part); 
Butte,  Mont.  In  many  of  these  deposits  the  vertical  extent  of  the 
chalcocite  zone  is  from  200  to  1 ,000  feet  or  more. 

20.  These  deposits  are  outside  of  the  margins  of  the  continental 
ice  sheets. 

21.  Many  of  these  deposits  are  in  countries  now  arid. 

22.  Pyrrhotite  is  subordinate  in  the  ores  of  all  these  deposits. 

23.  The  primary  ores  of  several  of  these  districts  carry  appreciable 
sphalerite.  Examples  are  Morenci,  Metcalf,  Jerome?,  Cananea 
(West  Cobre  Grande  and  Kirk).     At  Morenci  and  Metcalf  the  bulk 
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of  the  chalcocite  is  within  400  feet  of  the  surface.  In  the  West  C!obre 
Grande  chalcocite  passes  into  low-grade  zincky  ores  about  200  feet 
below  the  surface.  Exact  data  are  not  available  for  Jerome  and  for 
certain  Bingham  mines. 

24.  The  deepest  secondary  chalcocite  zones  are  in  ore  bodies  that 
contain  little  or  no  pyrrhotite  or  sphalerite.  Examples:  Bisbee, 
Globe,  and  Miami,  Ariz.;  Bingham  laccoUth,  Utah;  Butte,  Mont. 
(in  part).  A  few  deposits  of  this  character  have  chalcocite  zones 
that  probably  are  not  of  much  greater  vertical  extent  than  chalcocite 
zones  in  some  sphalerite  deposits.  Examples  are  Ray,  Ariz.,  and 
possibly  Santa  Rita  (Chino),  N.  Mex. 

25.  Sphaleritic  ores  do  not  appear  to  check  the  downward  migration 
of  copper  so  readily  as  they  check  the  downward  migration  of  silver. 
(See  below.) 

26.  Important  zones  of  chalcopyrite  enrichment  below  the  chal- 
cocite zones  have  not  been  clearly  differentiated  in  any  of  these 
deposits. 

COPPEB  DBPOSrrS   WITH  DEEPLY  OXIDIZED  ZONES. 

27.  Copper  deposits  having  deeply  oxidized  zones  include  many  of 
those  of  Tin  tic,  Utah,  and  Bisbee,  Ariz.;  some  of  Bingham,  Utah; 
and  the  Snowstorm  mine  of  the  Coeur  d'Alene  district,  Idaho. 

28.  None  of  these  deposits  are  known  to  carry  pyrrhotite  or 
abundant  sphalerite. 

29.  The  data  here  presented  indicate  that  in  general  oxidized  zones 
above  ores  containing  abundant  pyrrhotite  and  sphalerite  are  more 
thoroughly  oxidized  than  those  above  ores  containing  pyrite  and 
chalcopyrite  without  pyrrhotite  or  sphalerite,  but  such  oxidation 
is  "not  likely  to  extend  to  depths  so  great  in  pyrrhotite  or  sphalerite 
ores.  The  pyrite  ores  of  Rio  Tin  to.  Spain  those  of  La  Reforma 
mine,  Mexico,  and  some  of  the  deposits  at  Butte  Mont.,  are  capped 
by  thoroughly  oxidized  material;  possibly  there  are  others. 

30.  The  deepest  zones  of  oxidized  copper  ores  are  in  deposits  in 
limestone.     Examples:  Tintic,  Utah,  and  Bisbee,  Ariz. 

31.  Although  oxidation  extends  2,000  feet  below  the  surface  at 
Tin  tic,  and  perhaps  1,600  feet  or  more  at  Bisbee,  it  is,  in  general,  not 
complete  at  such  depths. 

32.  Not  all  the  deeply  oxidized  zones  of  copper  ores  are  in  arid 
countries  (Snowstorm  mine,  for  example). 

33.  The  nature  and  vertical  extent  of  chalcocite  enrichment  and 
the  depth  of  oxidation  depend  upon  the  permeability  of  the  deposits, 
the  chemical  and  mineral  composition  of  the  ores  and  wall  rock,  the 
present  and  the  past  climatic  environment,  and  the  geologic  history. 
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GOLD  DEPOSITS   EXHIBITIKG   SEOOKD^RT  OOMCKNTRATION. 

34.  Many  auriferous  deposits  ?n  the  surficial  zone  appear  not  to 
have  been  enriched  by  secondary  agencies.  The  distributicm  of 
valuable  deposits  in  the  lodes  of  Bemers  Bay  and  Douglas  Island, 
Alaska,  shows  no  relation  to  the  present  surface.  In  this  glaciated 
region  there  is  little  or  no  concentration  of  gold  at  the  surface  by 
removal  of  valueless  material  from  the  outcrops. 

35.  There  is  no  evidence  of  solution  and  reprecipitation  of  gold  in 
some  other  auriferous  deposits  in  lower  latitudes,  although  th^re  may 
be  an  increase  of  values  at  the  outcrop  through  oxidation  that  is 
attended  by  the  removal  of  material  with  which  the  gold  is  associated. 
Examples  are  Mother  Lode,  Nevada  City,  Grass  Valley,  Ophir,  and 
similar  deposits  of  California;  Homestake  deposits  of  the  Black  Hills; 
Cable  mine,  between  Philipsburg  and  Anaconda,  Mont. ;  and  several 
deposits  in  the  Appalachians.  Practically  all  the  important  deposits 
in  these  regions  have  supplied  placer  gold. 

36.  There  are  still  other  deposits  whose  relations  do  not  indicate 
a  migration  of  gold  and  from  which  no  placers  have  been  exploited. 
Examples:  Edgemont,  Nev. ;  Goldfield,  Nev. ;  Silver  Peak,  Nev. ;  Crip- 
ple Creek,  Colo,  (subordinate  placers).  Not  all  of  these  are  in  arid 
r^oas,  Edgemont  and  Cripple  Creek  being  moderately  well  watered. 

37.  Solution,  migration,  and  reprecipitation  are  clearly  indicated  in 
a  number  of  auriferous  deposits.  In  some  of  them  this  is  inferred 
from  paragenetic  evidence,  in  others  from  the  great  richness  of  the 
bonanzas  compared  with  the  unaltered  ore  and  from  the  relations  of 
the  bonanzas  to  the  present  surface.  Examples  are  found  at  Creede, 
Colo.  (Amethyst  vein);  Ouray,  Colo.  (Camp  Bird  vein);  Telluride, 
Colo.  (Tomboy  vein);  some  veins  in  quartzite  near  Leadville,  Colo.; 
Little  Burro  Mountains,  N.  Mex.  (Wyman  vein);  Bodie,  Cal.;  Bull- 
frog, Nev.;  Manhattan,  Nev.;  Gold  Circle,  Nev.;  Mohave,  Cal. 
(Exposed  Treasure  vein);  Georgetown,  Colo,  (auriferous  lodes?); 
Marysville,  Mont.  (Drumlummon  veins).  All  the  deposits  named 
above  carry  manganese  in  greater  or  less  amounts. 

Although  they  are  not  reviewed  herein,  several  districts  outside  of 
North  America  may  be  mentioned  as  examples  of  manganiferous 
deposits  with  rich  superficial  zones.  One  of  these  is  the  Aroroy 
district,  Philippine  Islands.  Here,  according  to  Henry  G.  Foi^uson, 
there  is  a  difference  in  the  behavior  of  gold  in  manganiferous  deposits 
and  in  those  containing  little  or  no  manganese  dioxide  at  the  outcrop. 
He  says:* 

As  far  as  a  limited  observation  extends,  all  veins  which  on  their  outcrope  flhow  rich 
ore  are  those  in  which  manganese  oxide  is  not  prominent.  Evidence  from  develop- 
ment work,  though  very  meager,  seems  to  show  that  the  values  in  these  veins  do  not 

*  Ferguson,  H.  O.,  Tbe  gold  d«pof  its  of  the  Philippine  Islands:  Eoon.  Geology,  toL  6.  mi,  p.  IM. 
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increase  downward,  as  is  the  case  with  the  manganese-bearing  veins,  and  in  some  at 
least  decrease  greatly  a  few  meters  from  the  surface.  The  manganese-bearing  veins, 
on  the  other  hand,  which  at  their  outcrop  may  be  nearly  barren,  carry  values  increasing 
progressively  downward.  This  increasing  value  in  moderate  depth  is  shown  in  many 
cases,  but  most  clearly  by  samples  taken  in  the  30-meter  raise  to  surface  from  the 
upper  level  of  the  Nancy  mine  of  the  Eastern  Mining  Go.  In  this  case  there  was  an 
increase  downward  from  the  outcrop  from  less  than  1  gram  to  over  6  grams  per  ton. 

A  conspicuous  foreign  example  is  the  Mount  Morgan  mine  in 
Queensland,  one  of  the  largest  gold  deposits  in  the  world.  The  ores 
in  depth  are  sulphides  and  carry  a  considerable  percentage  of  copper 
but  relatively  Uttle  gold.  To  a  depth  of  270  feet  the  surface  ores 
contained  masses  of  enormously  rich  gold  ore  highly  stained  with 
manganese.  Much  of  this  ore  carried  several  ounces  to  the  ton,  but 
copper  was  almost  entirely  absent.  As  pointed  out  by  Donald  Clark,* 
there  is  clear  evidence  of  solution  and  precipitation  of  gold.  It  was 
not  all  dissolved,  however,  for  some  placer  gold  is  found  in  beds  of 
Cretaceous  age  near  by. 

The  Hauraki  gold  fields,  New  Zealand,  may  be  mentioned  also. 
The  vein  filling  is  massive  or  comby  quartz,  with  some  manganese 
dioxide.  According  to  A.  M.  Finlayson,'  some  of  the  small  ore 
shoots  are  exceedingly  rich.  The  bonanza  zone  extends  400  to  600 
feet  below  the  surface. 

38.  Four  districts  are  mentioned  below  in  which  gold  has  migrated 
in  solution  in  ores  that  are  not  stated  to  carry  manganese.  Two 
of  these  (Haile  mine.  South  Carolina,  and  Hedley  district,  British 
Columbia)  are  in  regions  of  basic  rocks,  which  possibly  supply  man- 
ganese to  the  solutions.  Two  others  (Bohemia  district,  Oregon,  and 
Summit  district,  Colorado)  are  in  acidic  and  intermediate  rocks. 
Manganese  is  not  mentioned  as  a  vein  constituent,  although  its 
presence  is  not  denied. 

39.  The  outcrops  of  manganiferous  gold  ores  are  commonly  loachod, 
and  placer  deposits  are  not  so  frequently  developed  from  them  as 
from  nonmanganiferous  lodes.  This  is  apparent  from  the  inspection 
of  the  lists  above.  Two  examples  are  conspicuous  exceptions — 
Marysville,  Mont.,  and  Mount  Morgan,  West  Australia.  Both  have 
enormously  rich  deposits,  practically  at  the  surface;  both  have  sup- 
plied placer  gold.  The  unaltered  ores  of  one  (Marysville)  carry 
calcite,  which  reduces  auriferous  solutions  very  rapidly.  Some  rich 
manganiferous  gold  ores  are  foimd  very  near  the  surface  at  Bullfrog 
and  Manhattan,  Nev.     At  both  places  the  gangue  is  calcitic. 

40.  It  is  concluded  that  the  solution  of  gold  depends  in  the  main 
on  the  presence,  simultaneously,  of  manganese  and  chlorides.  Its 
migration  depends  on  the  permeability  of  the  lodes  and  the  material 

1  Clark,  Donald,  AustnUan  mlniiig  and  metaUnrgy,  Melboonie,  1904,  p.  267. 

>  FinlayMQ,  A.  IC,  Problems  in  tha  feology  of  the  Haoraki  fold  fields,  New  Zealand:  Eooo.  Geology, 
VOL  4, 1900,  p.  04L 
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of  the  primaiy  ores.  Of  the  common  minerals,  calcite  and  pynliotite 
will  probably  reduce  auriferous  solutions  most  rapidly.  Some  other 
carbonates  and  sphalerite  are  doubtless  somewhat  less  efficient. 
Hie  action  with  pyrite  and  chalcopyrite  is  slower  still. 

SILVEB   AND  SILYEB-GOLD   DEPOSrFS. 

41.  Enrichment  is  clearly  indicated  in  a  number  of  silver  and 
silver-gold  deposits.  Examples  may  be  found  at  Creorgetown,  Breck- 
enridge,  Leadville,  Aspen,  Silverton,  Creede,  and  Lake  City,  Colo.; 
at  Philipsburg,  Butte,  and  Neihart,  Mont.;  on  the  Comstock  lode, 
at  Tonopah,  and  at  Pioche,  Nev.;  at  Mohave,  Cal.;  and  in  the  St. 
Eugene  mine,  at  Moyie  Lake,  British  Columbia.  In  several  of  these 
districts,  but  not  in  all,  a  migration  of  gold  also  is  clearly  indicated. 
All  the  districts  of  silver-gold  deposits  in  which  gold  is  assumed  to 
have  migrated  include  manganiferous  ores. 

42.  In  deposits  canying  both  metals,  especially  where  chlorides 
form,  secondary  silver  minerals  are  likely  to  be  precipitated  as 
bonanzas  near  the  surface,  while  gold  may  be  carried  to  greater 
depths.  Examples  are  deposits  of  Mohave,  Cal.  (Exposed  Treas- 
ure mine),  Creede,  Colo.  (Amethyst  lode),  and  probably  the  Comstock 
lode,  Nevada,  although  in  the  Comstock  district  silver  chloride  is  not 
abundant. 

43.  In  manganiferous  deposits  of  gold  ^md  silver  where  chlorides 
do  not  form  extensively,  silver  is  probably  carried  downward  to 
greater  depths  than  gold.  Clearly  defined  examples  are  rare,  per- 
haps because  gold  is  not  dissolved  in  cold  mineral  waters  free  from 
chlorine  and  because  silver  chloride  is  so  nearly  insoluble  that  pre- 
cipitation of  cerargyrite  is  almost  certain  to  take  place  in  the  ores 
where  chlorides  are  supplied  by  the  ground  waters,  even  in  small 
amounts.  Although  some  examples  seem  to  indicate  that  silver 
migrates  downward  below  the  zone  where  gold  is  precipitated,  the 
data  are  generally  inconclusive. 

44.  Abundant  pyrrhotite  in  the  primary  ore  quickly  halts  the 
downward  migration  of  both  silver  and  gold.  Some  of  the  secondary 
ore  of  the  "black  copper  floors"  of  Ducktown,  Tenn.,  carried  con- 
siderable silver.  A  sample  assay  by  Genth  showed  over  1  per  cent. 
Not  many  examples  are  avaUable,  probably  because  the  pyrrhotitic 
ores  carry  copper  and  the  rich  superficial  concentrations  were  worked 
out  before  the  days  of  electrolytic  refining.  Since  acid  waters  generate 
hydrogen  sulphide  on  at  least  some  pyrrhotite  almost  immediately, 
and  since  hydrogen  sulphide  precipitates  gold  and  silver  perhaps  com- 
pletely, the  gold  and  sUver  could  not  descend  to  any  considerable 
depth  in  pyrrhotitic  ores.  Although  the  principal  ore  deposits  of  Rio 
Tinto,  Spain,  carry  little  or  no  pyrrhotite  and  although  zinc  blende  is 
not  abundant  in  most  of  them,  they  should  be  mentioned  here.    Above 
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one  of  the  principal  deposits  there  is  a  * 'floor''  of  rich  silver  and  gold 
ore  at  or  just  above  the  top  of  the  chalcocite  zone.^ 

45.  In  general,  without  much  doubt,  in  copper  deposits  where 
silver  and  gold  migrate  downward  it  is  in  the  upper  part  of  the  zone 
of  secondary  copper  sulphides  that  the  precious  metals  are  precipi- 
tated rather  than  in  the  lower  part. 

46.  Many  deposits  of  rich  silver  ore  and  some  deposits  of  rich 
silver-gold  ore  terminate  downward  in  low-grade  sphalerite  ores. 
Abundant  examples  are  to  be  foimd  in  the  regions  of  Georgetown, 
Breckenridge,  Creede,  and  Lake  City,  Colo.;  Pioche,  Nev.;  and 
Lake  Moyie,  British  Colimibia.  In  most  of  these  districts  the 
bonanzas  of  silver  ores  are  comparatively  near  the  surface.  In  the 
Corns tock  lode  and  at  Tonopah,  Nov.,  and  in  the  Granite-Bimetallic 
vein  at  Philipsburg,  Mont.,  a  little  zinc  is  present,  but  not  much.  In 
these  the  richer  ores  are  foimd  at  greater  depths.  At  Creede,  Colo., 
in  the  Amethyst  veiu,  secondary  silver  ore  has  been  formed  at  greater 
depths  than  is  usual  in  the  r^ion  of  Georgetown  and  Breckenridge, 
notwithstanding  the  fairly  abimdant  zinc  sulphide  in  the  primary 
ore  at  Creede.  This,  I  believe,  is  to  be  explained  by  excessive  fractur- 
ing of  the  Amethyst  vein,  which  at  some  places  is  little  more  than  an 
ore  breccia,  and  by  the  fact  that  soluble  carbonates  are  almost  lack- 
ing in  the  ore. 

A  conspicuous  example  outside  of  America  of  a  deposit  of  rich  silver- 
lead  ore  passing  into  low-grade  sphalerite  ore  in  depth  is  the  great 
Broken  Hill  lode  of  New  South  Wales.  This  deposit  is  id  schists  and 
in  general  conforms  to  the  schistosity.  Judging  from  the  drawings 
of  Capt.  Warren*  it  resembles  in  certain  structural  features  the 
broken  folds  of  some  of  the  deposits  of  Ducktown,  Tenn,  Though 
classed  as  a  saddle  reef  by  J.  B.  Jaquet '  on  account  of  its  bifurcating 
structure,  it  may  be  considered,  for  the  purpose  of  this  discussion, 
a  tabular  mass,  since  the  bifmxation  of  the  lode  is  shown  between  thj? 
415  and  515  foot  levels,  from  which  point  it  extends  to  the  surface  as 
a  tabular  body.  Without  much  doubt  a  considerable  amount  of  the 
lode  has  been  eroded,  and  the  valuable  metals  appear  to  have  concen- 
trated in  the  remaining  portion  relatively  near  the  surface.  Siliceous 
limonitic  manganitic  ore  is  said  to  have  extended  from  the  siuiace  to 
about  300  feet  below.  This  ore  was  20  to  100  feet  wide  and,  accord- 
ing to  Phillips  and  Louis,*  carried  7  to  45  ounces  silver  and  18  per 
cent  lead.  At  the  bottom  of  this  siliceous  ore  was  a  narrow  zone  of 
kaolinic  ore,  portions  of  which  carried  great  bonanzas  of  silver,  largely 
in  the  form  of  chloride.    Below  this  level,  on  block  10,  at  a  depth 

1  Vogt,  7.  H.  L.,  Dm  Hoelya-KlesMd:  ZeitBchr.  pnkt  Qeologle,  l»0,p.260.  Flnlayson,A.  M.,Thi 
pyritlc  deposits  of  Huelva,  Spain:  Eoon.  Oeology,  tqI.  5, 1910,  p.  410. 

t  Pi»m4Tii«rflnrm«  of  Brokaoa  Hill»  qootod  by  Clark,  Donald,  Australian  mining  and  metaUorgy,  ICal 
boame,  1904.    Tbe  original  is  not  aooeasible  to  ma. 

•Jaqoot,  7.  B.,  Qaology  of  the  Broken  Hill  loda  and  Barrier  RangBS  mineral  field,  New  Soath  Walep. 
Mem.  Geol.  Barny  New  South  Wales,  Geology  No.  6,  lfl94. 

«  Phillips,  J.  A.,  A  traatlie  on  on  deposits,  3d  ed.,  by  Henry  IiWi&i,ASM,'».t^ 
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between  400  and  500  feet  below  the  surface,  were  rich  friable  sulphides 
with  galena  and  zinc  blende.^  Below  the  rich  friable  sulphides 
values  decreased  greatly,  the  ore  being  composed  of  "compact  sul- 
phides, or  an  intimately  mixed  mass  of  galena  and  blende,  with  a 
gangue  of  quartz,  rhodonite,  and  garnet."  I  have  no  record  that 
pyrrhotite  is  present  in  these  ores,  though  it  is  mentioned  as  abundant 
in  the  Pinnacles  mine,  9  miles  southwest  of  Broken  Hill.' 

47.  Auriferous  and  argentiferous  acid  solutions  are  probably  more 
sensitive  than  cupriferous  solutions  to  the  presence  of  sphalerite, 
because  ferrous  sulphate  will  precipitate  gold  and  silver  from  cliloride 
and  sulphate  waters,  whereas  copper  sulphate  will  remain  in  solution 
with  ferrous  sulphate.  Hydrogen  sulphide,  which  may  be  generated  by 
acid  and  sphalerite,  will  precipitate  iJl  three  of  the  metals,  but  hydro- 
gen sulphide  is  used  up  to  convert  ferric  to  ferrous  sulphate.  Thus 
copper  may  remain  in  solution  as  long  as  any  ferric  sulphate  is  present, 
but  gold  and  silver  would  go  down  in  mixtures  of  ferric  and  ferrous 
sulphates.  Under  similar  conditions  in  sphaleritic  ore  copper  would 
descend  to  greater  depths  than  gold  and  silver. 

48.  Although  the  chemical  and  mineralogic  environment  in  depth 
have  been  emphasized  in  the  foregoing  discussion,  it  is  recognized 
that  permeabiUty  of  the  primary  ores  is  a  factor  of  the  greatest  im- 
portance in  determining  the  depths  to  which  the  metals  may  descend, 
whatever  the  character  of  the  primary  sulphides. 

REVIEW  OF  MINING  DISTRICTS. 

BTTTTE,  MONTANA. 

The  Butte  district,'  in  western  Montana,  is  an  area  of  quartz 
monzonite  (the  Butte  quartz  monzonite,  frequently  called  granite) 
which  is  intruded  by  a  later  apUte,  or  aplitic  granite  (in  early  reports 
sometimes  alluded  to  as  the  ^'Bluebird  granite*'),  and  by  rhyolite 
porphyry  (in  early  reports  called  quartz  porphyry). 

Dikes  of  late  Tertiary  rhyolite  cut  the  granite,  and  effusive  rhyo- 
hte  (rhyolite  dacite)  rests  upon  it.  In  the  western  part  of  the  region 
are  Tertiary  lake  beds  more  recent  than  the  granitic  rocks.  These 
are  composed  of  sand,  gravel,  and  water-laid  tuff.  The  rhyolite  por- 
phyry has  in  some  reports  been  referred  to  as  the  ''Modoc  porphyry,'' 
and  it  is  locally  known  by  that  name.     In  the  most  recent  publica- 

1  Phillips,  J.  A.,  A  treatise  on  ore  deposits,  2d  ed.,  by  Henry  Louis,  1896,  p.  347. 

*  Idem,  p.  G57. 

» Weed,  W.  H.,  Emmons,  S.  F.,  and  Tower,  O.  W.,  Jr.,  Butte  (olio  (No.  38),  OeoL  Atlas  U.  8.,  U.  8.  OeoL 
Survey,  1897.  Weed,  W.  H.,  Geology  and  ore  deposits  of  tbe  Butte  district,  Montana:  Prof.  Paper  U.  S. 
Oeol.  Survey  No.  74, 1912.  Winchell,  H.  V.,  Synthesis  of  chaloocite  and  its  genesis  at  Butte,  Mont.:  Eng. 
and  Min.  Jour.,  vol.  75, 19Q3,  pp.  782-784.  Sales,  Reno,  Ore  shoots  at  Butte,  Mont:  Eoon.  G^idogy,  voL  S, 
1906,  pp.  326-^1 ;  Superficial  alteration  of  the  Butte  veins:  Idem,  vol.  5, 1910,  pp.  15-21.  Simpson,  J.  F.,  Tbe 
relation  of  copper  to  pyrlte  in  the  lean  copper  ores  of  Butte,  Mont.:  Econ.  Geology,  vol.  3,  lOQB,  pp.  «38-(Bft. 
Kirk,  C.  T.,  Conditions  of  mineralisation  in  the  oopper  veins  at  Butte,  Mont.:  Eoon.  Oeology,  yoL  7, 1912, 
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tion  on  this  area  *  it  is  called  rhyolite  porphyry.  Its  groundmass  is 
microcrystalline,  however,  and,  as  Weed  very  truly  states,  it  might 
be  classed  as  granite  porphyry. 

The  quartz  monzonite,  aplite,  and  porphyry,  which  contain  all  the 
ores,  are  phases  of  the  great  Boulder  bathoUth,  which  extends  some 
64  miles  southward  from  a  point  near  Helena  and  is  12  to  16  miles 
wide.  ITiis  batholith  intrudes  Paleozoic  and  Cretaceous  sedimentary 
rocks  and  along  its  borders  has  induced  contact  metamorphism  by 
which  the  typical  garnet  zones  have  been  developed  in  the  calcareous 
sediments. 

Although  the  rocks  of  the  batholith  are  in  general  of  comparatively 
uniform  composition,  the  Butte  quartz  monzonite  is  a  somewhat 
more  basic  phase.  The  aplite  represents  a  differentiation  product 
that  was  forced  into  cracks  in  the  quartz  monzonite  after  that  rock 
had  cooled.  Although  there  is  an  unusual  amount  of  the  aplite  in 
the  region  about  Butte,  its  economic  significance  is  not  clear.  In- 
deed, the  lodes,  on  passing  from  the  quartz  monzonite  into  aplite, 
are  impoverished,  and  Weed  ^  states  that  the  apHte  is  uncongenial 
for  ore  deposition  because  it  fractures  with  difficulty  and  is  not 
readily  replaced. 

There  seems  to  be  a  genetic  relationship  between  the  copper  ores 
and  the  rhyolite  porphyry,  although  such  a  relation  is  not  conclu- 
sively proved.  The  rhyolite  porphyry  is  found  only  in  the  eastern 
portion  of  the  copper  area,  where  it  is  younger  than  the  Butte  quartz 
monzonite  and  older  than  the  veins,  since  even  the  oldest  veins  cut 
through  it.  Tlxe  veins  in  the  porphyry,  like  those  in  the  aplite,  are 
narrower  and  poorer  than  those  in  the  quartz  monzonite.  The  por- 
phyry is,  however,  the  youngest  igneous  rock  exposed  that  is  older 
than  the  oldest  veins. 

The  copper  ores  are  included  in  an  area  about  H  miles  long  and  a 
mile  wide,  and  this  area  is  almost  surrounded  by  a  much  larger  area 
containing  closely  spaced  silver-bearing  veins.  Pronounced  paral- 
leUsm  is  noticeable  in  veins  of  both  groups. 

The  region  is  highly  fractured  and  extensively  faulted;  indeed, 
faulting  movements  have  continued  probably  to  the  present  day. 
In  a  general  way  the  fractures,  as  stated  by  Weed,  may  be  separated 
into  two  classes;  the  first,  formed  before  the  rhyolitic  eruptions 
(Miocene),  trend  either  (a)  east  and  west  or  (b)  northwest  and  south- 
east; the  second,  accompanjring  or  following  the  rhyohte  intrusions, 
trend  in  the  same  directions  as  the  first,  but  are  most  marked  in  a 
(c)  northwest  or  (d)  northeast  direction.  Still  later,  after  ore 
deposition,  northeast  fracturing  occurred. 

The  earliest  fracturing  recognized  is  that  which  is  assumed  to  have 
taken  place  in  the  partly  consolidated  mass  of  Butte  quartz  monzo- 

*  Weed,  W.  H.,  op.  dt.,  p.  4L  >  Idem,  p.  9& 
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nite,  eausiDg  opcnii^  wfaidi  were  filled  bj  the  uelogoaB  bot  mm 
acidic  m^gmA  thst  cocded  as  aplite. 

The  liiyoUte  porfdrjry  intrusion,  which  ptobabfy  took  place  after 
both  the  Butte  quartz  monzonite  and  the  aplite  had  becQ  consoli- 
dated, formed  irregular  dikdike  bodies  which  hare  a  general  ncvth- 
west  trend,  though  the  one  in  the  Anaconda  mine  runs  eaai  and  west. 

The  most  important  fracturing — that  which  framed  the  fissures 
that  admitted  the  eaihest  mineral-bearing  scdntams — occurred  sub- 
sequent to  both  aplite  and  rhyolite  pori^yry  intrusions. 

Subsequent  to  the  original  deposition  of  minerals  along  the  vein 
fissures  several  dynamic  mov^nents  took  place,  each  producing 
fracturing  which  affected  the  mineral  deposits.  These  later  move- 
moits  have  formed  cross  fissures  faulting  the  earlier  veins  and 
strike  fissures  coincident  with  or  parallel  to  and  reopening  earlier 
veins.  Important  mineralization  has  taken  place  also  along  cross 
fissures. 

The  volcanic  outbreak  which  caused  the  liiyolite  intrusion  occurred 
subsequent  to  the  earlier  vein  fissuring,  as  is  shown  by  the  fact  that 
the  silver  veins  are  cut  off,  in  places  even  cut  in  two,  by  the  intrusive 
dikes  of  rhyolite.  The  relation  of  these  rhyolite  dikes  to  the  different 
periods  of  late  fracturing  is,  however,  not  positively  known.  More 
than  one  postmineral  movem^it  took  place,  for  the  rhyolite  dikes 
have  been  markedly  sheeted  and  somewhat  fractured  since  their 
intrusion.  The  rhyolite  intrusion  itself,  however,  was  probably 
accompanied  by  a  certain  amount  of  fracturing  of  the  adjoining  rocks. 
It  is  therefore  not  improbable  that  the  secondary  fracturing,  which 
had  an  important  bearing  on  the  enrichment  of  the  copper  veins,  was 
geneticaUy  connected  with  the  intrusion  of  the  rhyolite.^ 

The  ores  are  of  two  distinct  classes,  copper  and  siliceous  sQver. 
The  copper  ores  contain  a  Uttle  silver;  the  silver  ores  rarely  contain 
copper;  both  copper  and  silver  ores  contain  a  little  gold,  and  the  high- 
grade  silver  ores  contain  it  in  important  amounts.' 

Chalcocite,  enargite,  and  bomite  are  the  most  conunon  copper 
minerals.  Coveliite  occurs  in  large  amoimts  in  one  mine  and  in  small 
amounts  in  others.  Chalcopyrite  is  present  in  workable  quantities 
in  a  few  properties  but  is  an  insignificant  part  of  the  total  copper  out- 
put. Tetrahedrite  is  found  as  a  rarity  in  the  deep  workings  of  a  few 
mines.  Chalcanthite,  or  native  bluestone,  is  common  in  the  old 
workings.  Pyrite  is  the  most  common  sulphide.  It  is  estimated  that 
since  the  beginning  of  mining  about  75  per  cent  of  the  copper  pro- 
duction has  come  from  glance,  20  per  cent  from  enargite,  4  per  cent 
from  bomite,  0.5  per  cent  from  coveliite,  and  0.5  per  cent  from  chal- 
copyrite. 

1  Weed,  W.  H.,  op.  cit.,  pp.  68^.  « Idem,  p.  tt. 
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Silver  occurs  native  in  the  copper  ores,  especially  in  those  from  the 
upper  levels.  Ruby  silver  and  indeterminable  black  sulphantimonites 
and  arsenides  occur  in  the  siliceous  silver  ores.  Free  gold  is  rare  but 
occurs  in  some  silver  ores  and  has  been  seen  in  specimens  from  the 
Leonard  mine,  where  it  is  parasitic  on  glance.^  The  gangue  minerals 
include  quartz,  sericite,  and  several  residual  minerals  of  the  altered 
country  rock.     Rhodonite  and  rhodochrosite  occur  in  silver  ores. 

The  mountains  near  by  have  been  glaciated  in  recent  geologic 
time,  but  no  morainal  material  is  found  in  the  immediate  vicinity  of 
Butte.* 

The  average  precipitation  is  less  than  20  inches,  but  the  loose  dis- 
integrated material  near  the  surface  favors  extensive  seepage  of  rain 
water.  The  few  records  of  ** first  water"  for  the  older  mines  appear 
to  locate  it  at  about  the  upper  limit  of  the  sulphide  ores.  This  upper 
limit  varies  greatly,  ranging  from  about  20  feet  to  400  feet,  being  in 
part  independent  of  the  surface  level  but  varying  with  the  degree  of 
fracture. 

In  the  quartz  monzonite  the  network  of  lesser  fractures  and  the 
veins  and  faults  are  apparently  all  filled  with  water  and  serve  as  a 
vast  reservoir.  That  tliis  water  has  a  natural  level  not  far  below 
that  of  the  neighboring  valleys  is  evident,  and  that  it  is  moving 
slowly  downward  can  not  be  doubted,  though  it  can  not  be  readily 
proved.  The  conditions  of  mineralization  afford  some  evidence  of 
this;  and  in  the  East  Ridge  r^on,  where  higher  collecting  ground 
exists,  the  springs  became  dry  when  the  Altona  mine  was  pumped  out 
to  a  depth  of  some  200  feet,  proving  a  connection  between  the  mine 
waters  and  surface  drainage.  The  drying  out  of  the  upper  workings 
of  some  of  the  mines  when  the  surface  seepage  is  eliminated  shows 
that  in  these  mines  the  waters  come  from  above.  In  short,  all  the 
evidence  shows  that  the  waters  are  surface  waters  seeping  downward. 
They  come,  however,  from  a  broad  area,  and  not  from  the  surface  of 
the  Butte  mines  alone.' 

In  opening  new  groimd  the  amount  of  water,  as  stated  by  Weed, 
seems  to  be  proportionate  to  the  block  of  ground  opened — that  is, 
the  ground  between  the  new  level  and  the  old  workings  above.  In  a 
few  pi  aces  rising  water  was  encountered  at  the  deep  levels — ^f or  instance, 
on  the  2,200-foot  level  of  the  Mountain  Con.  mine  and  on  the  1,600- 
foot  crosscut  of  the  Anaconda  (where  uprising  waters  were  encoun- 
tered some  2,000  feet  from  other  workings) — but  the  outflow  dimin- 
ished in  a  few  weeks  and  finally  all  but  ceased,  indicating  that  the 
area  from  which  the  water  came  was  probably  drained.* 

The  oldest  deposits  are  the  east-west  lodes,  of  which  the  Parrot, 
Anaconda,  and  Syndicate  are  examples.    These  occupy  fissures  along 

1  Weed,  W.  H.,  op.  dt.,  p.  73.  •  Idem,  p.  9a. 

>Xdein,p.8a  «Id8m,p.97. 
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which  there  was  but  sli^t  tangential  moTonent.^  He  ofe  minerab 
in  these  veins  consist  chiefly  of  pyrite,  chakx>pyiite,  chaloocite, 
covellite,  etc.  Pyrrhotite  is  not  mentioned  in  the  descriptions  of 
these  or  any  later  depodts.  I  am  informed  by  Mr.  Reno  Sales  that 
sphalerite  is  widespread  and  abundant  in  the  copper  veins  except  in 
that  part  of  the  district  extending  from  the  Neversweat  mine  east- 
ward through  the  Anaconda,  St.  Lawrence,  Mountain  View,  Penn- 
sylvania, Leonard,  and  Silver  Bow  mines.  In  these  properties  it  is 
almost  entirely  absent,  both  in  these  and  later  vein  systaas.  West- 
ward, in  the  Steward,  Original,  and  Gagnon '  mines,  sphalerite  is 
abundant,  as  it  is  in  the  Colorado,  dear  Grit,  Buffalo,  and  Paulin 
mines  and  also  in  many  of  the  silver  lodes. 

A  later  set  of  veins  strikes  northwest  across  the  east-west  veins. 
These  contain,  in  addition  to  the  minerals  named  as  constituents  6f 
the  earlier  veins,  large  quantities  of  enargite.  Along  these  veins 
evidence  of  movement  parallel  to  the  planes  of  the  deposit  is  more 
pronounced.  Although  mineralization  of  the  earlier  veins  is  compa- 
ratively uniform,  the  later  veins  are  characterized  by  barren  patches 
separating  rich  ore  shoots.  These  ore  shoots,  as  shown  by  Sales,'  are 
of  primary  origin,  the  course  of  the  mineralizing  solutions  having 
been  determined  by  fault  gouge  which  effectively  dammed  back  the 
waters  from  the  portions  of  the  fissures  that  are  barren. 

A  still  later  set  of  fissures,  having  a  northeast  course,  has  displaced 
both  earlier  sets.  This  system,  according  to  Weed,^  contains  little 
endogenous  ore,  but  the  material  mined  is  mainly  fault  breccia  from 
earlier  deposits.     In  many  of  the  veins  later  movement  is  pronounced. 

The  depth  of  oxidation  of  the  copper  deposits  is  treated  briefly  on 
page  37.  The  leached  zone  extends  downward  in  places  300  or  400 
feet  below  the  surface.  It  contains  some  silver  but  little  copper. 
Below  the  oxidized  zones  enormous  masses  of  chalcocite,  with  some 
bomite  and  coveUite,  were  encountered. 

In  the  great  ore  bodies  of  the  upper  levels  of  the  Anaconda  veins 
chalcocite  occurred,  according  to  Weed,*  in  masses  of  nearly  pure 
leadlike  mineral  20  feet  or  more  wide.  In  depth  the  mineral  shows 
a  more  crystalline  structure,  and  it  is  found  in  all  the  mines  in  greater 
or  less  abundance  and  purity,  but  in  the  great  bulk  of  the  ores  it 
forms  smaU  grains  scattered  through  the  ores. 

Emmons,  Weed,  Tower,  and  many  others  who  studied  the  copper 
lodes  in  the  earUer  stages  of  their  development  regarded  the  chalcocite 
ores  as  secondary  deposits  formed  by  descending  waters.     Weed* 

1  Sales,  Reno,  Ore  shoots  at  Butte,  Mont.:  Econ.  Geology,  vol.  3, 1908,  p.  327. 

*  rearce,  Richard,  The  association  of  minerals  in  the  Gagnon  vein,  Butte  City,  Mont.:  Timni.  Am.  Imt 
Mln.  Eng.,  vol.  16,  1888,  pp.  62-64. 

*  Sales,  Reno,  op  eit.,  p.  326. 

« Weed,  W.  H.,  The  copper  minee  of  the  world,  New  York,  1907,  p.  320). 
» Idem,  p.  327. 

*  Idem,  p.  328. 
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says,  ''As  a  general  statement  it  may  be  said  that  the  deposits  of 
copper  glance  are  secondary." 

C.  T.  Kirk/  after  a  comprehensive  study  of  the  ores  of  the  Pitts- 
mont  mine  of  this  district,  concluded  that  the  chalcocite  was  second- 
ary, basing  his  argument  in  part  on  its  association  with  kaolin. 

As  a  result  of  microscopic  studies  of  polished  surfaces  of  ores, 
John  F.  Simpson^  concluded  that  the  copper  sulphides  were  deposited 
in  the  following  order:  Chalcopyrite,  enargite,  bornite,  chalcocite. 
Pyrite  from  the  2,000-foot  level  of  the  Mountain  Con.  mine  is  cut  by 
veinlets  of  bornite  and  contains  flakes  of  chalcocite.  In  ore  from  the 
800-foot  level  of  the  Alex  Scott  mine  chalcocite  surrounds  pyrite, 
enargite,  and  chalcopyrite  and  occurs  as  veins  in  the  pyrite. 

As  the  underground  workings  have  been  carried  deeper,  and  as 
chalcocite  ores  have  been  developed  in  depth,  doubt  has  been 
expressed  more  and  more  as  to  the  vaUdity  of  the  conclusion  that  the 
chalcocite  ores  are  wholly  secondary.  Graton'  in  1906  called 
attention  to  the  fact  that  on  the  whole  the  copper  veins  in  depth  are 
dry.  Sales  ^  in  1910  advanced  the  opinion  that  the  chalcocite  in  the 
lower  levels  of  the  lodes  is  primary.  Mr.  H.  V.  Winchell  informs 
me  that  he  has  reached  the  same  conclusion.  Weed '  mentions  a  fine 
body  of  chalcocite  ore  on  the  2,400-foot  level  of  the  Anaconda  group, 
and  later  developments,  according  to  Sales,  have  exposed  chalcocite 
2,800  feet  deep.  One  of  the  photomicrographs  from  a  deep  level 
figured  by  Simpson  shows  pyrite  inclosing  small  chalcocite  masses 
in  relations  that  are  hard  to  reconcile  with  the  conclusion  that  the 
chalcocite  is  of  later  age.  In  a  collection  of  the  School  of  Mines,  Uni- 
versity of  Minnesota,  ores  from  deep  levels  at  Butte  show  covelhte 
intergrown  with  tetrahedrite  and  chalcocite  intergrown  with  pyrite, 
and  there  is  no  evidence  that  any  of  these  minerals  are  replacements 
of  older  sulphides. 

In  Weed's  most  recent  report  on  the  district  •  he  states  that  the 
bulk  of  the  ore  is  altered  quartz  monzonite  containing  disseminated 
grains  and  veinlets  of  chalcocite  intergrown  with  pyrite  or  replacing 
that  mineral  completely.  He  also  notes  that  chalcopyrite  is  but 
sparingly  developed,  constituting  but  0.5  per  cent  of  the  ore  mined. 
The  copper  of  the  secondary  ore  must  therefore  have  been  derived  in 
the  main  from  enargite,  cupiferous  pyrite,  or  older  chalcocite. 

1  Kirk,  C.  T.,  Conditions  of  mineralization  In  the  copper  veins  at  Butte,  Mont.:  Eoon.  Geology,  voL  7, 
1912,  p.  35. 

s  Simpson,  J.  F.,  Tlie  relation  of  copper  to  pyrite  in  the  lean  copper  ores  of  Butte,  Mont.:  Eoon.  Geology, 
vol.  3, 1906,  p.  635. 

•  Graton,  L.  C,  Mineral  Resources  U.  S.  for  1906,  IT.  S.  Geol.  Survey,  1907,  p.  400. 

«  Sales,  Reno,  Superficial  alteration  of  the  Butte  veins:  Econ.  Geology,  vol.  5, 1910,  p.  15. 

•  Weed,  W.  H.,  The  copper  mines  of  the  world.  New  York,  1907,  p.  331. 

•  Weed,  W.  H.,  Geology  and  ore  deposits  of  the  Butte  district,  Mont.:  Prot  Paper  U.  8.  Oed. 
Survey  No.  74, 1913,  p.  76ii 
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A  drawing  by  Bard  *  shows  an  inch  vein  of  chaloocite  cutting  quartz. 
The  chalcocite  incloses  idiomorphic  crystals  of  pyrite  and  quartz,  and 
both  of  these  minerals  seem  to  be  spaced  with  some  regularity  in  the 
chalcocite.  The  spacing  suggests  eutectic  structure  and  the  relations 
appear  to  be  nearly  identical  with  those  in  an  ore  from  Mexico, 
described  by  D.  P.  Hynes,*  where  tetrahedrite  incloses  quartz. 
Although  Weed  believes  that  chalcocite  is  mainly  secondary  at  Butte, 
he  also  recognizes  its  primary  origin.     He  says:  • 

From  the  studies  made  of  thin  sections  it  is  believed  that  the  mineral  is  "almost 
imiversally  secondary  but  that  it  also  occurs  as  a  primary  mineral  in  some  veins. 
It  is  undoubtedly  in  process  of  formation  by  descending  waters  at  the  present  time, 
but  as  the  great  ore  bodies  found  at  deep  levels  are  far  below  the  present  level  of 
ground  water  they  can  not  have  been  produced  by  the  reactions  conmionly  offered 
in  explanation. 

It  should  be  noted  here,  however,  that  the  history  of  vein  forma- 
tion at  Butte  and  also  the  recent  physiographic  history  of  the  Butte 
district  are  exceedingly  involved,  a  fact  that  diminishes  somewhat 
the  value  of  generalizations  for  solving  the  problems  of  ore  formation. 

Some  of  the  veins  have  been  depressed  by  faulting  *  more  than  500 
feet  since  they  were  formed.  Evidence  of  descending  water  and  of 
extensive  solution  and  recent  deposition  is  found  at  unusual  depths. 
Watercourses  are  shown  in  some  veins  over  2,000  feet  below  the 
surface. 

The  physiographic  history  of  the  r^on  has  doubtless  been  favor- 
able to  a  very  deep  descending  circulation.  In  a  previous  paper  • 
Weed  says: 

The  region  has  passed  through  several  very  pronounced  changes  in  elevation  since 
the  formation  of  the  veins  in  Tertiary  time.  In  early  Tertiary  time  the  present 
topography  was  blocked  out  and  the  mountain  ranges  and  deep  intervening  vaUejrs 
were  carved.  This  was  succeeded  by  earth  movements  by  which  the  streams  became 
clogged  or  Uie  valleys  dammed,  forming  lakes;  while  volcanoes  broke  out  at  numerous 
places  and  showered  ashes  and  scoria  over  the  region.  The  valleys  were  silted  up 
or  iu  part  filled  by  volcanic  debris,  before  crustal  movements  drained  the  vaUeys  and 
altered  the  divides.  More  recent  movement,  possibly  stiU  continuing,  is  marked  by 
faults  and  a  reversing  of  stream  coiu'ses.  The  old  valley  at  Butte  is  fiUed  by  hun- 
dreds of  feet  of  debris,  and  a  mountain  waU  2,500  feet  high  marks  a  north  and  south 
fault  line.  These  changes  all  caused  a  migration  of  water  level  facilitating  the  proc- 
esses of  weathering  and  enrichment,  and  the  great  bodies  of  rich  copper  ores  of  the 
region  are  believed  to  be  in  part  due  to  this  cause. 

In  1907,  according  to  Graton,*  the  copper  ores  averaged  2.75  per 
cent  copper,  2.3  ounces  silver,  and  0.014  ounce  gold  to  the  ton. 
Few  data  are  available  on  the  downward  migration  of  gold  and 
silver  in  the  deposits.     Although  manganese  minerals  are  abundant 


1  Weed,  W.  H..  loc.  cit.    The  original  is  not  available  to  me. 

>  Hynes,  D.  P.,  Notes  on  the  geology  of  the  Mina  liexico  vein:  Econ.  Ooology,  voL  7, 1912,  pp.  28(^28& 
See  also  this  bulletin,  p.  46. 
•Weed,  W.n.,  loc.  cit. 

•  Weed,  W.  H.,  op.  cit.,  p.  HI. 

•  Weed,  W.  H.,  The  enrichment  of  gold  and  silver  veins:  Trans.  Am.  Inst.  liin.  Eng.,  toL  30, 1901,  p.  MS^ 
•QratOQ,  L.  C,  Mineral  Resources  U.  S.  tor  1907,  pt.  1,  U.  S.  Qeol.  Sorrey,  1906,  p.  610, 
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in  the  silver  lodes  that  surround  the  silver-bearing  area,  it  is  said  that 
the  principal  copper  ores  do  not  contain  manganese,^  and  the  solu- 
tion of  gold  in  them  presumably  has  been  delayed.  To  judge  from 
their  position,  some,  at  least,  of  the  gold  placers  that  were  worked 
in  the  early  days  at  Butte  were  derived  from  the  waste  of  the  copper 
lodes.  The  valuable  metal  in  the  oxidized  ore  of  the  copper  lodes 
was  chiefly  silver,  the  gold  being  of  subordinate  value. 

BINQHAM,  T7TAH. 

The  Bingham  district,  Utah,'  is  an  area  of  Carboniferous  quartzites 
and  limestones  intruded  by  monzonite  and  monzonitic  porphyry  and 
covered  in  part  by  andesites,  andesitic  porphyries,  and  breccias. 
The  rocks  are  tilted,  faulted,  and  in  places  highly  shattered.  The 
ore  deposits  are  in  or  near  the  intrusive  monzonite  or  monzonitic 
porphyry.  They  include  fissure  veins  in  several  formations,  bed- 
ding-plane deposits  in  limestones,  and  disseminated  deposits  in 
shattered  porphyry.  The  ore  bodies  that  until  recently  have  been 
most  productive  are  large  replacement  deposits  of  sulphide  ore  in 
limestone.  These  ores  consist  chiefly  of  pyrite,  chalcopyrite,  sphaler- 
ite, and  chalcocite,  with  a  little  bomite  and  enargite  and  their 
oxidation  products.  In  many  of  the  deposits  a  little  pyrrhotite  is 
present,  and  in  some  ore  from  the  Highland  Boy  mine  pyrrhotite 
is  more  abundant  than  pyrite  and  somewhat  more  abundant  than 
chalcopyrite.' 

In  some  of  the  mines  oxidation  is  deep,  extending  to  depths  several 
hundred  feet  below  the  surface.  In  the  Brooklyn  mine  *  oxidation 
is  reported  to  a  depth  1,450  feet  below  the  surface;  in  the  Highland 
Boy  it  is  only.300  feet  deep.  In  some  of  the  deposits  chalcocite  ores 
extend  to  considerable  depths  and  in  others  they  are  subordinate. 
The  chalcocite  zone  in  the  Highland  Boy  seems  not  to  have  been 
extensive.  Boutwell  notes  that  the  secondary  oxidized  ores  of  copper 
and  gold  pass  into  a  zone  characterized  by  chalcopjrrite  tarnished 
and  coated  with  bomite  and  seamed  with  limonite.  A  winze  sunk 
through  oxidized  ore  encountered  gold  in  considerable  quantities, 
some  of  the  ore  running  over  $30  to  the  ton.  Five  thousand  tons  of 
ore  shipped  early  in  the  development  of  this  mine  are  said  to  have 
averaged  12  per  cent  copper  and  $4  gold  to  the  ton  and  to  have 
contained  much  silver.  It  is  reported  also  that  the  valuable  metals 
in  each  of  the  three  principal  ore  bodies  ran  higher  in  the  upper 
than  in  the  lower  levels.    The  ores  of  the  lower  levels  carried  pyrite, 

iPearoe,  Richard,  The  association  of  mlnBrab  in  the  Oagnon  vein,  Butte  City,  Mont.:  Trans.  Am.  Inst. 
Min.  £ng.,  vol.  16, 1S88,  p.  63.    Emmons,  8.  F.,  Notes  on  the  geology  of  Butte,  Mont.:  Idem,  p.  55. 

>  BoQtwell,  J.  M.,  Economic  geology  of  the  Bingham  mining  district,  Utah:  Prof.  Paper  U.  8.  Oeol. 
Survey  No.  38, 1905. 

•  Idem,  p.  105. 

*  Idem,  p.  215. 
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pyrrhotite,  chalcopyrite^  considerable  gold,  and  some  silver.  In  1906 
and  1907;  according  to  Graton/  practically  all  the  copper  from  these 
deposits  was  derived  from  the  pyritic  ore. 

Another  type  of  ore  deposit  which  in  recent  years  has  become 
highly  productive  contains  copper  ore  disseminated  in  the  monzonite 
porphyry.  The  principal  deposit  of  disseminated  ore  is  in  the 
intrusive  body  at  Upper  Bingham  known  as  the  Bingham  laccolith. 
According  to  BoutwelP  this  extensive  mass  of  monzonite  carries 
disseminated  throughout  its  areal  extent,  so  far  as  known,  iiregular 
grains  of  pyrite  and  chalcopyrite.  The  mineralized  tract  contains  a 
multitude  of  thin  unsystematized  parting  planes.  The  rock  is 
greatly  bleached,  silicified,  and  sericitized  in  and  near  the  areas  of 
great  shattering.  The  copper  content  is  lowest  in  the  oxidized  zone 
at  the  surface.  Farther  down,  in  the  unoxidized  rock,  the  copper  ore 
lies  in  flat  scales  and  films  in  silicified  walls  of  cracks,  and  in  areas  of 
great  shattering  it  occurs  abundantly  on  quartz-coated  cracks  and  is 
disseminated  through  the  silicified  bleached  walls.  The  quartz,  the 
sericite,  and  possibly  the  biotite  in  this  ore  are  later  than  the  original 
rock-making  minerals.  I  can  find  no  record  of  the  occurrence  of 
pyrrhotite  in  these  ores.  Zinc  blende  is  not  mentioned  in  Bout- 
weirs  description  of  this  deposit,  although  it  is  abundant  in  some  of 
the  lode  ores  in  the  monzonite — ^for  example,  in  that  of  the  Last 
Chance  mine.^  Although  some  of  the  metals  may  have  been  present 
in  the  rock  when  it  solidified,^  the  larger  part  of  the  primary  sulphides 
was  introduced  by  thermal  waters  after  the  porphyry  had  solidified. 

Of  the  surface  alteration  of  disseminated  ores  Boutwell  says:  * 

Superficial  alteration  has  followed  the  deposition  of  chalcopyrite  and  pyiite. 
Pyrite  about  its  periphery  and  along  cracks  which  traverse  these  planes  may  be  seen 
going  oTer  to  limonite.  This  fact  «  «  *  doubtless  explains  the  relative  enrich- 
ment of  gold  values  proved  by  assays  to  exist  in  the  outer  or  surface  portions  of  test 
timnels  in  these  copper  and  gold  bearing  intnudves.  The  brilliant  tarnish  of  grains 
of  chalcopyrite  indicates  a  beginning  of  alteration,  and  thin  rims  of  a  daric  grajriflh- 
blaek  metal  about  chalcop3rrite  observed  under  the  microscope  suggest  con^uance 
of  that  process  and  replacement  by  black  copper  sulphide.  Rims  of  a  blue-black 
metallic  sulphide  occur  around  grains  of  chalcopyrite.  The  reason  for  the  decrease 
in  assay  values  of  copper  along  certain  open  and  water-bearing  fracture  zones  is  doubt- 
less to  be  found  in  the  well-known  fact  that  under  the  action  ef  surface  waters  copper 
suffers  rapid  alteration  and  transportation. 

It  appears,  then,  that  in  the  disseminated  ores  in  igneous  rock  the  copper  minerals 
were  deposited  by  hydrotherraal  action  subsequent  to  the  date  of  igneous  intrusion, 
and  that  these  sulphides  are  now  undergoing  normal  superficial  alteration. 

The  Utah  Copper  Co.,  which  is  exploiting  the  ores  of  the  Bingham 
laccoUth,  is  said  to  have  developed  about  300,000,000  tons,   the 

1  Greton,  L.  C,  Mineral  Resources  U.  B.  for  1900,  U.  8.  GeoL  Surrey,  1007,  p.  404;  idem  lor  1907,  pt.  l, 

190S,  p.  61^ 
>  Boatwell,  J.  M.,  op.  cit.,  p.  167. 

*  Idem,  pp.  100,178. 
<  Idem,  p.  171. 

*  Idem,  p.  172. 
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average  content  of  which  is  about  1.6  per  cent  copper  and  from  20 
to  30  cents  a  ton  in  gold  and  silver.  The  surface  of  this  ore  body 
occupies  an  area  of  214  acres  and  the  average  thickness  of  the  work- 
able ore  is  probably  about  418  feet.^ 

The  leached  capping,  which  is  stripped  by  steam  shovels,  has  an 
average  thickness  of  80  feet  on  the  Utah  ground,  160  feet  on  the 
Boston  Consolidated  ground,  and  173  feet  on  the  Pay  Roll  ground,  the 
average  for  the  entire  area  being  106  feet.  The  mine  figures  indicate 
that  the  average  depth  of  the  bottom  of  the  deposit  now  workable  is 
more  than  500  feet  below  the  surface,  although  it  extends  downward 
in  places  more  than  900  feet  below  the  surface.'  In  much  of  the  ore, 
especially  in  that  of  lower  levels,  chalcopyrite  is  an  important  ore 
mineral,  and  considerable  masses  of  the  ore  carry  very  little  chalco- 
cite.  It  is  not  known  whether  the  chalcopyrite  is  a  primary  or 
secondary  sulphide. 

In  1911  the  Utah  Copper  Co.  produced  from  copper  ore  about  a 
million  dollars  in  precious  metals,  four-fifths  of  which  was  gold  and 
about  one-fifth  silver.  This  is  equivalent  to  about  $0,225  per  ton  of 
ore  and  1.07  cents  per  pound  of  copper.  It  is  said  that  gold  values 
are  concentrated  in  the  oxidized  zone,  but  below  it  they  tend  to 
increase  or  decrease  with  the  copper  content  of  the  sulphide  ore. 

BISBEE,  ABIZONA. 

The  geology  of  the  Bisbee  (Warren)  district,  Arizona,  was  studied 
in  detail  about  eight  years  ago  by  Ransome.*  Since  the  publication  of 
his  report  the  known  productive  area  has  been  much  extended  and 
large  new  mines  have  been  developed,  especially  in  a  part  of  the  dis- 
trict to  whose  economic  possibilities  this  report  specifically  directed 
attention.  In  view  of  these  later  developments  Mr.  Ransome,  who 
revisited  Bisbee  in  1912,  has  kindly  prepared  the  following  note,  in 
which  is  presented  more  recently  acquired  information  than  could 
have  been  included  in  a  mere  abstract  of  published  work. 

NOTE   ON  THE   BISBEE   DISTRICT,  ARIZONA. 

By  F.  L.  Ransoice. 

The  fundamental  rocks  of  the  Bisbee  district  are  the  pre-Cambrian 
Pinal  schist  and  probably  also  the  granite  mass  of  Juniper  Flat, 
north  of  Bisbee,  which  is  intrusive  into  the  schist.  Although  the 
age  of  this  granite  is  not  directly  evident  from  its  geologic  relations 
and  although  in  Professional  Paper  21  and  in  the  Bisbee  folio  it 
was  regarded  provisionally  as  Mesozoic,  the  texture  and  character  of 

1  Seventh  Ann.  Rept.  Utah  Copper  Co.,  for  1011. 

*  See  oron  section,  idem. 

*  Ranjome,  F.  L.,  T^  geology  and  ore  deposits  of  the  Bisbee  qnadiangle,  Arixona:  Pro!  Paper  U.  0. 
GeoL  Barv«y  Na  2U 1M4;  Bisbee  folfto  CNa  113),  GeoL  Atlas  U.  S.,  U.  a  OeoL  Sorvej,  1904. 
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the  rock,  in  the  light  of  subsequent  experience  in  Arizona,  suggest 
pre-Cambrian  age.  Resting  on  the  schist  in  successive  upward 
sequence  are  (1)  the  Bolsa  quartzite  (Cambrian),  430  feet  thick;  (2) 
the  Abrigo  limestone  (Cambrian),  770  feet  thick;  (3)  the  Martin  lime- 
stone (Devonian),  325  feet  thick;  (4)  the  Escabrosa  limestone  (Mls- 
sissippian,  '* Lower  Carboniferous"),  700  feet  thick;  and  (5)  the  Naco 
limestone  (Pennsylvanian,  *' Upper  Carboniferous"),  3,000  feet  or 
more  thick.  These  beds  were  intruded  in  early  Mcsozoic  time  by 
stocks,  dikes,  and  sills  of  granite  porphyry  and,  after  deep  erosion, 
were  covered  by  a  thick  series  of  Cretaceous  (Comanche)  beds. 
These  have  in  greater  part  been  eroded  away  from  the  productive 
area  of  the  district. 

Structurally  the  district  is  characterized  by  numerous  faults,  some 
older  and  some  younger  than  the  Cretaceous  beds.  In  some  of  the 
tilted  fault  blocks  the  strata  are  gently  folded,  but  folding  is  a  much 
less  conspicuous  feature  of  the  structure  than  faulting. 

The  primary  ores  were  deposited  dining  or  after  the  intrusion  of 
the  granite  porphyry  and  before  the  deposition  of  the  Cretaceous 
beds.  Their  age  is  therefore  early  Mesozoic.  Their  deposition  was 
connected  with  a  decided  but  not  conspicuous  contact  metamoiphism 
of  the  hmestones,  shown  by  the  development  within  these  of  tremolite, 
diopside,  garnet,  and  other  silicates,  generally  in  crystals  of  micro- 
scopic size.  The  ore  bodies  that  first  gave  prominence  to  Bisbee  are 
those  in  the  Carboniferous  and  Devonian  limestones,  but  recent 
developments  are  bringing  to  light  important  lenticular  masses  of 
ore  in  the  Cambrian  limestone,  and  a  little  ore  has  been  found  in  the 
porphyry. 

Very  briefly  stated,  the  larger  structural  features  to  which  the 
occurrence  of  the  ores  is  related  are  (1)  the  northwest-southeast 
Dividend  fault,  with  a  normal  throw  that  has  brought  Paleozoic  beds 
on  the  southwest  side  of  the  fissure  against  Pinal  schist  on  the  north- 
east side;  (2)  a  small  stock  of  granite  porphyry  intruded  on  the  line 
of  the  fault  and  invading  the  contiguous  schist  and  Paleozoic  beds; 
(3)  an  open  syncUnal  structure  in  the  down-faulted  Paleozoic  beds, 
which  is  such  that  these  dip  in  part  toward  the  porphyry  stock  and  in 
conjunction  with  the  fault  plane  form  a  trough  pitching  to  the  south- 
east; and  (4)  a  gentle  tilt  to  the  southeast,  as  showTi  by  the  present 
slope  of  the  pre-Comanche  erosion  surface.  The  ore  bodies  occur 
in  the  down-faulted  fragment  of  a  syncline,  are  disposed  in  roughly 
semicircular  fashion  around  the  porphyry  stock,  and  have  radial 
prolongations  along  certain  zones  of  fissuring. 

While  very  irregular  in  form,  the  ore  masses  as  a  rule  are  roughly 
lenticular  and  tend  to  conform  with  the  bedding  of  the  limestones. 
The  average  thickness  of  all  the  ore  bodies  has  been  calculated  by 
the  engineers  of  the  (Dopper  Queen  (Do.  to  be  about  33  feet.    The  ah^pe 
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and  position  of  many  of  the  bodies,  however,  are  determined  by 
zones  of  Assuring  and  by  the  form  of  intruded  porphyry  masses,  many 
of  which  do  not  extend  directly  upward  to  the  surface.  With 
possibly  a  few  relatively  unimportant  exceptions,  the  known  Bisbee 
ore  bodies  were  originally  deposited  as  metasomatic  replacements  of 
the  limestones.  In  many  of  the  ore  bodies  in  the  Abrigo  limestone 
the  positions  of  former  bedding  planes  are  clearly  shown  by  a  band- 
ing in  the  ore. 

At  the  Copper  Queen  mine,  near  the  northwest  end  of  the  struc- 
tural trough,  the  ore  bodies  came  to  the  surface.  As  development 
was  pushed  south  and  east,  around  and  beyond  the  exposed  porphyry 
mass  of  Sacramento  Hill,  through  the  Holbrook,  Spray,  Irish  Mag, 
Gardner,  OHver,  Lowell,  Hoatson,  and  Junction  shafts,  the  ore  was 
found  at  greater  depths.  The  great  ore  body  of  the  Junction  mine 
of  the  Calumet  &  Arizona  Co.,  south  of  Sacramento  Hill,  whose 
existence  was  unknown  when  Professional  Paper  21  was  written, 
extends  from  a  point  10  feet  above  the  1,300-foot  level  to  the  1,500- 
foot  level.  It  is  500  feet  long  and  from  10  to  120  feet  wide  in  plan, 
part  of  this  width  being  due  to  duplication  by  faulting.  South  of 
the  curved  chain  of  mines  mentioned  lie  the  Briggs  and  other  im- 
portant ore  bodies  connected  with  zones  of  north-northeast  and  south- 
southwest  fissuring  in  the  limestone.  In  the  Briggs  mine  the  ore 
bodies  grade  outward  into  a  huge  partly  oxidized  mass  of  pyrite 
about  1,500  feet  long  and  in  places  800  feet  wide. 

In  the  Copper  Queen,  Lowell,  and  Hoatson  mines  the  ore  bodies 
are,  as  a  rule,  confined  to  the  vicinity  of  intrusive  masses  of  porphjrry. 
In  the  Junction  mine  the  connection  between  ore  and  porphyry  is 
less  close  and  in  the  Briggs  mine  no  porphyry  is  known.  Apparently 
the  bodies  of  porphyry,  Uke  the  fissures  in  the  limestones,  played  an 
important  part  in  controlling  the  movements  of  the  ore-bearing 
solutions,  but  it  is  not  believed  that  any  considerable  part  of  the  ore 
constituents  came  from  the  porphyry  masses  now  visible;  the  metallic 
elements  and  sulphur  had  a  more  distant  source. 

Up  to  the  year  1904  nearly  all  the  copper  obtained  at  Bisbee  came 
from  oxidized  or  enriched  ore.  Of  late  years,  however,  primary  ores 
have  become  very  important.  The  Junction  ore  body,  in  which 
the  present  stopes  average  over  9  per  cent  of  copper,  is  a  nearly 
solid  mass  of  sulphides  that  are  mostly  primary.  The  huge  pyritic 
mass  of  the  Briggs  mine,  with  its  included  bodies  of  more  cuprif- 
erous material,  is  largely  primary,  and  the  ore  lenses  in  the  Abrigo 
limestone  have,  as  a  rule,  undergone  no  enrichment. 

The  most  abimdant  sulphides  in  the  primary  ore  are  pyrite  and 
chalcopyrite.  With  these  may  be  associated  considerable  bomite  and 
in  certain  ore  bodies  magnetite.  Of  late  years  both  sphalerite  and 
galena  have  been  foimd  in  considerable  quantity  near  the  porphyry  of 
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Sacramento  Hill,  but  these  minerals  are  not  widely  distributed  in  the 
copper  ores.     No  pyrrhotite  has  been  noted. 

Tlie  altitude  of  this  district  ranges  from  5,000  to  7,400  feet  above  the 
sea.  The  average  rainfall  is  about  17  inches  and  the  surface  of  the 
ground  water  as  a  rule  Ues  deep.  Water  was  reached  in  the  Lowell 
mine  at  a  depth  of  1,100  feet.  Afterward  the  Jimction  shaft,  1,800 
feet  deep,  drained  the  Lowell.  For  a  time,  when  the  lower  Junction 
levels  were  kept  open,  the  pumps  raised  over  6,000,000  gallons  in  24 
hours. 

The  natural  ground-water  surface  and  the  lower  limit  of  oxidation 
are  neither  coincident  nor  parallel.  In  general  in  the  northern  part  of 
the  productive  area  much  enriched  sulphide  ore  lies  above  the  original 
water  level,  and  in  the  southern  part  there  is  considerable  oxidized 
material  below  it.  Li  the  Junction  mine,  for  example,  there  is  oxi- 
dized and  leached  material  on  the  1,500-foot  level  (corresponding  to  a 
depth  of  1,750  feet  in  the  Lowell  shaft),  and  oxidized  ore  is  mined  in 
places  on  the  1,600-foot  (bottom)  level  of  the  Lowell  mine.  The 
lower  depth  of  oxidation  ranges  from  200  feet  to  at  least  1,600  feet. 

Although  the  relative  importance  of  the  enriched  chalcocitic  ores 
at  Bisbee  has  been  diminished  by  the  discovery  of  large  bodies  of 
profitable  primary  ore,  they  still  supply  a  lai^e  proportion  of  the  total 
copper  produced.  The  lower  limit  of  enrichment  is  irr^ular  and  ill 
defined  but,  Uke  the  lower  limit  of  oxidation,  is  deeper  in  the  southern 
part  of  the  productive  area  than  in  the  northern  part.  Secondary 
chalcocite  occurs  in  the  bottom  level  of  the  Lowell  mine  (1,600  feet) 
and  on  the  1,300-foot  level  (1,400  feet  deep)  of  the  Briggs  mine. 
How  much  deeper  it  may  go  is  not  known.  Li  some  places  sulphide 
enrichment  has  worked  down  to  the  bottom  of  a  pyritic  or©  body;  in 
others  it  has  worked  around  and  imder  residual  masses  of  unenriched 
pyritic  material;  and  in  parts  of  the  Bri^s  mine  large  masses  of 
leached  and  oxidized  material  rest  directly  on  unenriched,  low-grade 
pyrite.  The  enriching  mineral  is  generally  chalcocite.  In  some 
loose,  friable  ore  the  chalcocite  may  occur  as  thin  shells  around  grains 
of  pyrite  and  as  a  sooty  interstitial  powder.  Elsewhere  the  replace- 
ment is  more  nearly  complete,  the  original  chalcopyrite  and  much  or 
all  of  the  pyrite  having  been  converted  into  massive  chalcocite. 
Secondary  chalcopyrite  has  been  noted,*  but  the  greater  part  of  this 
mineral  is  probably  a  primary  constituent  of  the  Bisbee  ores. 

The  great,  depths  to  which  oxidation  and  enrichment  have  {>ene- 
trated  at  Bisbee  and  the  inclined  position  of  these  zones  of  alteration 
with  reference  to  the  present  underground  water  level  and  their 
approximate  parallelism  with  the  old  pre-Ck)manche  erosion  surface 
indicate  that  much  of  the  oxidation  and  enrichment  were  effected 
before  the  deposition  of  the  Cretaceous  formations. 


1  Ranaome,  F.  L.,  The  geology  and  ore  depoelti  of  tlM  Bisbee  qimrtnuigiis  AffnoK  PnC  Pftpv  u.  flL 
OeoL  Soryey  No.  21, 1904,  p.  132. 
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GLOBB  AKD  KIAMI,  ABIZONA. 

For  the  following  note  I  am  also  indebted  to  Mr.  Ransome,  who 
studied  the  Globe  district  ^  some  years  ago  and  who  is  now  investi- 
gating the  Miami  copper  deposits. 

THE  GLOBE   AND  MIAMI  DISTBIOTS,   ABIZONA. 

By  F.  L.  Ransome. 

In  the  Globe  quadrangle,  which  includes  the  Miami  district,  a 
pre-Cambrian  crystalline  complex,  consisting  of  Pinal  schist  and 
various  granitic  intrusives  ranging  from  quartz  diorite  to  true 
granite,  is  unconformably  overlain  by  a  thick  series  of  Paleozoic 
beds.  The  stratigraphic  column  as  revised  after  recent  work  in  the 
adjoining  Ray  quadrangle  is  as  follows: 

Pre-Mesozoie  stratiffraphic  column  in  ike  Globe  region^  Arizona. 

Erosion  suiface.  Feet 

8.  Thick-bedded  gray  limestone  '  (Carboniferous) 1,000 

7.  Thin-bedded  limestone  ■  (Devonian) 326 

6.  Quartzite  "  (Cambrian) 400 

5.  Cherty,  dolomitic  limestone'  (Cambrian) 250 


4.  Dripping  Spring  qnartrite. 

3.  Barnes  conglomerate 

2.  Pioneershale 

1.  Scanlan  conglomerate 


'  Cambrian  or  older 


450 

10-55 

200 

1-6 


These  rocks  were  extensively  intruded,  probably  during  the 
Mesozoic,  by  diabase,  lai^ely  as  great  irregular  sills,  and  were  invaded 
also  by  certain  masses  of  granite  and  quartz  monzonite,  including 
probably  the  Schultze  granite,  although  this  particular  mass  is  not 
now  in  contact  with  the  sedimentary  series.  AJl  the  rocks  mentioned 
were  covered  wholly  or  in  part  by  a  thick  flow  of  dacite,  probably 
in  early  Tertiaiy  time. 

These  rocks  are  cut  by  numerous  faults,  some  older  and  some 
younger  than  the  dacite. 

The  copper  deposits  occur  (1)  as  lodes  in  schist,  quartzite,  limestone, 
and  diabase,  which,  where  they  pass  through  or  alongside  of  lime- 
stone, as  in  the  Old  Dominion  mine,  may  be  connected  with  large 
replacement  bodies  in  that  rock;  (2)  as  disseminations  of  chalcocitic 
ore  in  the  Pinal  schist  near  the  Schultze  granite  (Miami  and  Inspira- 
tion mines);  (3)  as  secondary  deposits  of  chrysocolla  in  dacite  tuff 
(Black  Warrior  mine)  or  in  fissures  (old  Live  Oak  and  Keystone 
workings). 

1  Raotome,  F.  L.,  Qeolofy  of  the  Qlobe  copper  district,  Arixona:  Prof.  Paper  U.  S.  Qeol.  Survey  No.  12, 
1008;  Globe  ftdio  (So.  Ill),  Qeol.  Atlas  U.  8.,  U.  8.  Qeol.  Surrey,  1904. 
'Names  wm  be  given  to  thais  tomatloni  in  a  iortheonilng  pabUcattoiL — F.  L.  R. 
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The  primATT  ore  of  the  lodes  consists  eesentimDr  of  pyrite  and 
chalcopyrite,  with  bomite  and  speculaiite^  of  less  regular  or  less 
abundant  occurrence  and  galena  and  sphalerite  rather  rare.  In  the 
diseeminated  deposits  in  schist  the  primary  metallir  min^rmlR  are 
pyrite  and  chalcopyrite  with  a  little  molybdenite. 

The  disseminated  primary  metallization  was  undoubtedly  con- 
nected with  the  intrusion  of  the  Schultze  granite,  the  constituents  of 
the  sulphides  probably  emanating  from  the  magma  reservoir  that 
supplied  that  rock.  The  lode  ores  were  also  deposited  at  high  tem- 
perature and  may  also  be  genetically  connected  with  the  granitic 
magma.  They  are,  however,  more  ckisely  associated  with  the  dia- 
base, and  possibly  this  rock  had  some  share  in  their  genesis.  The 
known  ore  bodies  in  limestone  have  been  modified  bv  secondarv 
processes,  but  their  original  deposition  by  replacement  was  appar- 
ently not  associated  with  any  important  metamorphism  of  the  adja- 
cent limestone.' 

The  altitude  of  the  Globe  quadran^e  ranges  from  3,000  to  7,850 
feet  and  the  average  annual  precipitation  is  between  13  and  20  inches. 
The  ground-water  level  is  in  general  deep,  although  in  parts  of  the 
areas  cn-cupied  by  the  Quaternary  Gila  conglomerate  water  is  abun- 
dant within  moderate  distances  from  the  surface.  In  the  Old  Domin- 
ion mine  the  original  water  level  was  probably  between  700  and  SOO 
feet  in  clopth  and  a  large  part  of  the  present  influx  is  derived  from 
workings  that  tap  the  conglomerate-filled  valley  of  Pinal  Creek.  In 
the  Miami-Inspiration  group  of  mines  the  undei^round  water  level 
is  not  very  well  defined.  Generally  some  water  appears  below  a 
depth  of  400  feet,  but  as  a  rule  water  is  not  abundant  at  depths  less 
than  900  feet. 

The  ore  bodies  in  limestone  of  the  Old  Dominion  and  neighboring 
mines  have  been  nearly  exhausted.  They  were  laige  irr^ular  masses 
of  oxide  and  carbonate  ore  associated  with  much  limonite  and  hem- 
atite. In  the  lodes  connected  with  these  masses  oxidized  ore  pre- 
vails generally  to  a  depth  of  700  to  800  feet  but  extends  much  deeper, 
as  was  predicted  in  1903,'  in  the  much-faulted  ground  under  the  Gila 
conglomerate,  in  the  western  part  of  the  mine,  where  it  is  found  on  the 
1,600-foot  or  bottom  level  about  1,200  feet  below  the  surface.  It  is 
thus  highly  probable  that  much  of  the  oxidation  and  enrichment  at 
the  Old  Dominion  lode  was  effected  before  the  deposition  of  the  Gila 
conglomerate. 

1  This  mineral  had  been  seen  at  Globe  only  in  association  with  oxidized  ores  when  ProfessSoinal  Paper  13 
was  written.— F.  L.  R. 

>  L.  C.  Graton  (Mineral  Resoorces  U.  S.  for  1907,  pt.  1,  U.  S.  GeoL  Survey,  1906,  p.  596)  has  stated  tht^ 
the  ores  in  limestone  are  believed  to  be  of  contact-metamorphlc  origin.  I  am  not  In  accord  with  this  state- 
ment.—F.  L.  R. 

•  Hansome,  F.  L.,  Geology  of  the  Globe  copper  district,  Arixcoa:  ProL  Paper  U.  B.  OeoL  Surrey  No.  12; 
190&,  p.  148. 
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Under  the  oxidized  ore  in  the  Old  Dominion  and  adjacent  lodes, 
mainly  in  diabase,  are  large  bodies  of  chalcocitically  enriched  ore 
which  grade  irregularly  downward  into  pyrite  or  into  pyritic  ore  con- 
taining chalcopyrite,  bomite,  and  specularite.  In  places  enrichment 
has  not  penetrated  below  800  feet,  but  elsewhere  it  goes  much  deeper. 

The  disseminated  deposits  near  Miami,  about  6  miles  west  of 
Globe,  have  been  proved  during  the  last  few  years  to  be  of  great 
economic  importance.  Chum  drilling  and  mining  exploration  have 
shown  the  existence  of  a  chain  of  large  ore  bodies  extending  in  a 
gentle  curve  from  the  Miami  mine  on  the  east  through  the  Inspira- 
tion, Keystone,  and  Live  Oak  mines  to  the  west.  The  extreme 
western  limit  of  this  ore  belt  is  as  yet  undetermined.  The  total 
length  of  this  chain  as  at  present  developed  is  2  miles,  the  maximum 
width  is  one-fourth  mile,  and  the  greatest  thickness  of  ore  along  any 
one  vertical  line  is  about  300  feet.  Estimates  by  the  engineers  of  the 
various  mines  give  a  total  of  80,000,000  to  90,000,000  tons  of  ore 
averaging  between  2  and  2.5  per  cent  of  copper. 

As  a  whole,  the  ore  bodies  form  an  irregularly  imdulating  ribbon  of 
very  uneven  thickness.  The  distance  from  the  surface  of  the  groimd 
to  the  top  of  the  ore  varies  widely  from  place  to  place  and  is  not 
definitely  related  to  the  present  topography,  which  apparently  is  of 
later  development  than  the  main  period  of  enrichment.  At  the  Miami 
mine  the  depth  to  ore  is  in  general  between  200  and  400  feet,  on  the 
Inspiration  ground  it  ranges  from  50  to  600  feet,  and  on  the  live  Oak 
groimd  it  reaches  1,000  feet.  The  ore  dips  generally  east  in  the 
Miami  mine,  is  on  the  whole  nearly  horizontal  in  the  Inspiration  mine, 
but  turns  down  to  the  west  in  the  Keystone,  and  this  westerly  dip 
increases  to  40**  or  45°  in  the  Live  Oak  ground.  East  of  the  Key- 
stone a  zone  of  strong  faulting  has  stepped  down  the  ore,  and  at  the 
Miami  mine  another  fault  cuts  off  the  ore  by  bringing  the  Gila  con- 
glomerate down  against  the  schist.  There  are  other  important  faults 
in  the  district,  but  these  can  not  be  described  in  this  brief  note. 

The  surface  of  demarcation  between  the  leached,  more  or  less 
rusty,  barren  schist  and  the  top  of  the  ore  is  definite,  and  in  many 
places  there  hhs  been  some  slipping  between  the  capping  and  the  ore. 
The  downward  change  from  ore  (above  1.3  per  cent  copper)  to 
primary  material  (less  than  1  per  cent  copper)  is  less  definite  but 
takes  place  within  a  few  feet. 

The  country  rock  is  in  general  Pinal  schist,  but  good  ore  occurs  also 
in  dikes  and  small  offshoots  that  extend  into  metallized  schist  from 
the  main  granite  mass,  which  grades  into  granite  porphyry  on  its  mar- 
gins. Over  much  of  the  ore-bearing  groimd  this  granite  porphyry  is 
the  surface  rock,  the  ore  occurring  in  the  schist  beneath  it.  Clearly 
this  part  of  the  porphyry  was  intruded  as  a  flat-lying  sheet. 
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In  general  the  unmetallized  Pinal  schist  is  a  bright-gray  fissile  rock, 
splitting  with  a  lustrous,  satiny  sheen  and  showing  considerable 
variations  in  color,  texture,  and  degree  of  metamorphism  or  crys- 
tailinity.  The  essential  constituents  are  quartz,  muscovite  (sericite), 
a  little  microcline  and  plagioclase,  magnetite,  zircon,  tourmaUne, 
hornblende,  biotite,  and  chlorite.  As  a  whole,  the  Pinal  schist  was 
derived  by  metamorphism  from  arkosic  sedimentary  beds,  although 
it  includes  here  and  there  a  little  material  of  probable  igneous  origin. 

During  the  primary  period  of  metaUization  pyrite,  chalcopyrite,  a 
little  molybdenite,  and  quartz  were  deposited  in  the  fractured  schists, 
partly  in  fissures  an  inch  or  so  wide  but  chiefly  in  much  smaller 
cracks  or  along  cleavage  planes.  During  the  period  of  enrichment 
the  downward-moving  cupriferous  solutions  replaced  the  chalco- 
pyrite and  pyrite  whoUy  or  in  part  by  chalcocite. 

Final  expression  of  opinion  as  to  the  geologic  date  of  the  principal 
enrichment  is  withheld,  but  a  preliminary  review  of  the  evidence 
strongly  suggests  that  the  enrichment  antedated  the  deposition  of 
the  Gila  conglomerate  and  may  possibly  be  older  than  the  dacite. 
Probably  the  process  has  continued  to  the  present  day,  but  where 
erosion  has  overtaken  the  chalcocite  zone  enrichment  apparently  has 
been  temporarily  checked  by  the  fact  that  little  pyrite  is  available 
to  form  strongly  acid  solutions  and  the  copper,  instead  of  migrating 
downward,  remains  near  the  surface,  coloring  the  rocks  briUiantly 
with  chrysocolla  and  carbonates.  As  a  rule,  the  largest  ore  bodies 
are  not  found  under  those  surface  rocks  that  are  most  vividly  colored 
by  copper  compounds  or  by  iron  oxide. 

BAY,  ABIZONA. 
By  F.  L.  Ransome. 

The  disseminated  copper  deposits  of  Ray  are  about  20  miles  south- 
west of  Globe,  in  the  hilly  depression  drained  by  Mineral  Creek, 
between  the  Dripping  Spring  and  Tortilla  ranges. 

The  geologic  formations  are  in  general  the  same  as  those  in  the 
Globe  quadrangle,  the  Pinal  schist  at  Ray  being  intruded  by  two 
varieties  of  granite  porphyry,  one  of  which  very  closely  resembles  the 
porphyritic  facies  of  the  Schultze  granite. 

The  ore  bodies  are  mainly  in  the  schist,  although  masses  of  granite 
porphyry  within  the  generally  metallized  area  have  also  been  con- 
verted to  ore. 

Within  the  productive  area  the  altitude  ranges  from  1,950  to  2,900 
feet  above  sea,  and  most  of  the  hiUs  are  steep  and  rugged.  The 
climatic  conditions  are  similar  to  those  at  Globe.  Little  information 
is  available  concerning,  the  level  of  ground  water,  which  is  below  the 
principal  mine  workings.  Most  of  the  water  that  enters  the  mines 
appears  to  be  seepage  from  Mineral  Creek  and  from  its  tributary, 
^.Xiopper  Creek. 
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The  ore  bodies  underlie  a  group  of  more  or  less  rusty  hills  stained 
here  and  there  with  salts  of  copper.  The  principal  area  showing  this 
alteration  is  of  elongated  oval  shape  and  extends  west-northwestward 
from  Mineral  Creek  for  about  2{  miles  with  a  maximum  width  of  a 
little  more  than  half  a  mile.  Within  this  area  chum  drilling  and 
mining  have  shown  the  presence  of  a  continuous  ore  body  about  8,000 
feet  long  and  2,500  feet  in  greatest  width.  As  at  Miami,  the  layer  of 
ore  has  many  irregular  undulations  that  apparently  have  no  depend- 
ence on  the  present  topography  and  varies  much  in  thickness.  The 
average  thickness  of  the  ore  body  is  101  feet;  the  average  thickness 
of  overburden  250  feet.  The  depth  to  ore  varies  from  10  to  300  feet 
and  the  thickness  of  the  ore  from  0  to  400  feet.  Chalcocite  has  been 
reported  from  one  drill  hole  to  a  depth  of  715  feet  and  the  ore  extends 
under  Humboldt  Hill  to  a  depth  of  700  feet.  The  quantity  of  ore  in 
the  Ray  ore  body  as  calculated  by  the  mine  engineers  is  over 
83,0P0,0P0  tons  averaging  2.17  per  cent  of  copper,  with  over  500,000 
tons  of  considerably  higher  grade. 

The  relations  of  the  ore  to  the  oxidized  leached  capping  and  to  the 
underlying  primary  material  are  similar  to  those  at  Miami.  The  ore 
constituents  in  the  two  districts  are  the  same.  In  both  districts  the 
primary  metallization  continues  to  unknown  depths.  As  at  Miami, 
the  greater  part  of  the  chalcocite  is  disseminated  through  the  schist 
(or  porphyry)  in  small  specks  or  in  minute  veinlets  with  quartz;  but 
here  and  there  are  veinlets  several  inches  wide  in  which  the  original 
chalcopyrite  and  pyrite  have  been  partly  or  wholly  altered  to  massive 
chalcocite. 

Pyrrhotite,  sphalerite,  and  galena,  so  far  as  known,  do  not  occur 
in  the  disseminated  copper  deposits  at  Ray  or  Miami. 

MOBENCI,  ABIZONA. 

The  Morenci  district,  Arizona,*  is  an  area  of  pre-Cambrian  granite 
and  quartzitic  schists  above  which  rest  imconformably  about  1,500 
feet  of  Paleozoic  sandstones,  limestones,  and  shales  that  are  locally 
overlain  by  Cretaceous  shales  and  sandstone.  These  rocks  are 
intruded  by  masses  of  granitic  and  dioritic  porphyries,  which  form 
stocks,  dikes,  laccoliths,  and  sheets.  All  these  rocks  have  partici- 
pated in  an  uplift  and  a  warping  or  doming  that  was  succeeded  by 
much  faulting,  which  took  place  during  latest  Cretaceous  or  earliest 
Tertiary  time.  Surrounding  the  domed  area  of  older  rocks  are 
great  masses  of  Tertiary  lavas  consisting  of  basalt  and  rhyolite,  with 
some  andesite.^ 

The  ore  bodies  are  veins  and  disseminated  deposits  in  the  granite 
and  monzonite  porphyry  and  contact-metamorphic  deposits  in  the 

1  Lindgren,  Waldemar,  The  copper  depoiiti  of   the  CUftOQ-Moreaci  dJttziot,  Azisona:  Prof.  Paper 
U.  8.  OeoL  Sorvey  No.  43, 1905. 
*Id«m,p.  17. 
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pjrrite,  and  rarely  zmc  blende  and  pynhotite  acoompanj  these  sul- 
phides. Galena  and  its  oxidation  products  occur  in  irregular  lodes 
within  the  metamorphic  area,  principally  at  some  distance  from  the 
porphyry  masses.  Gold  ores,  formerly  exploited,  occur  mainly  in  the 
form  of  blanket  lodes,  the  gold  being  associated  with  lead  carbonate. 

Of  many  superficial  showings  of  copper  carbonates  none  has  been 
developed  profitably,  but  oxidized  ores  of  relatively  high  grade  have 
been  discovered  in  the  Alpha  mine  of  the  Giroux  Co.,  at  considerable 
depth.  This  ore  body  is  inclosed  by  metamorphosed  and  thoroughly 
oxidized  sedimentary  rocks  that  he  several  hundred  feet  from  the 
nearest  mass  of  porphyry. 

The  present  importance  of  the  district  centers  in  the  low-grade  dis- 
seminated ores  in  porphyry.  The  igneous  rock  was  locally  fractured 
after  its  intrusion,  and  great  masses  of  it  became  infilled  with  veinlets 
of  quartz  carrying  pyrite  and  chalcopyrite.  Even  away  from  the 
fractures  the  porphyry  was  charged  witii  sulphides  and  the  rock  was 
greatly  altered,  with  abstraction  of  lime,  magnesia,  soda,  and  iron  and 
with  noteworthy  addition  of  potash.  These  losses  and  gains  involved 
the  destruction  of  hornblende  and  lime-soda  feldspar  and  the  forma- 
tion of  mica,  including  brown  mica  and  seridte.  The  outcrops  of  the 
ore  masses  are  yellowish  or  less  conmionly  red  and  are  said  to  carry 
not  over  0.5  per  cent  of  copper.  There  is  an  abrupt  change  from 
this  capping  to  soft  bluish-white  porphyry  ore,  which  carries  dissem- 
inated sulphide  minerals,  including  copper  glance,  as  films  coating 
grains  of  pyrite  and  chalcopyrite  or,  less  conmionly,  completely 
replacing  such  grains. 

One  company,  the  Nevada  Consolidated,  has  developed  about 
49,000,000  tons  of  disseminated  ore,  the  average  being  1.7  per  cent 
copper.  The  variations  in  depth  are  indicated  in  three  sections  as 
follows :  * 

Thickness^  in  feet,  of  capping  and  of  ore  in  workings  of  the  Nevada  ConsolidaUd  Co 

Ely,  Nev.  ' 


Section. 


Average 

thickness  of 

direct 

capping. 


Average 

tklcknessof 

proHtabto 

ore. 


Enreka. 
Hecla... 
Liberty. 


87.1 
101.4 
154.7 
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2S0.3 

183.3 


Average. 


102.5 


217.9 


The  profitable  ore  is  known  to  extend  locally  to  depths  about  600 
feet  below  the  surface.  In  one  place  a  hole  was  put  down  nearly  400 
feet  below  the  ore  body  in  material  which  carried  less  than  0.4  per 
cent  of  copper. 

iFifth  Aim.  Bept.  Nevada CoDtolldttted O^pw Co.,  for  15  montbi ended  Deo.  31, 19U,  p. 8. 
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The  gold  and  silver  content  of  the  disseminated  ores  is  considerable. 
In  1911  the  average  per  ton  was  0.013  ounce  gold  and  0.079  ounce 
silver.  Although  less  than  60  per  cent  of  the  precious  metals  was 
saved,  their  value  recovered  was  17.35  cents  a  ton. 

A  composite  analysis  of  1,000  samples  of  ore  from  the  Ruth  mine 
showp,  as  stated  by  Lawson,  sulphur,  6  per  cent;  iron,  5.3  per  cent; 
and  copper,  2.61  per  cent,  which  may  be  calculated  as  equivalent  to 
pyrite,  10  per  cent;  chalcopyrite,  1.8  per  cent;  and  chalcocite,  2  per 
cent. 

It  may  be  stated  as  a  general  truth  that  any  porphyry  canying 
more  than  1  per  cent  of  copper  owes  it^  grade  to  Uie  presence  of 
chalcocite,  the  enrichment  having  resulted  from  precipitation  of  this 
mineral  out  of  solutions  derived  from  overlying  material. 

In  the  porphyry  mines  the  lower  limit  of  complete  oxidation  is 
everywhere  considerably  above  the  water  level,  the  difference  in 
elevation  being  about  250  feet  in  the  Ruth  mine.  While  most  of  the 
material  carrying  chalcocite  lies  above  standing  water,  the  bottom  of 
the  ore  seems  to  bear  no  definite  relation  to  the  water  table.  The 
greatest  depth  of  porphyry  ore  is  about  600  feet,  but  in  the  Alpha 
mine,  which  lies  outside  of  the  porphyry  ore,  enriched  ore  was 
found  between  the  700  and  1,200  foot  levels.  Here  the  water  stands 
somewhat  more  than  1,000  feet  below  the  surface  and  most  of  the 
lode  material  is  fully  oxidized  and  leached  to  this  depth. 

SANTA  BITA  AKD  HANOVBB  DIBTBIOTS,  NSW  MEXICO. 

The  Santa  Rita  and  Hanover  districts,  New  Mexico,^  are  adj  acent  and 
show  similar  geologic  features.  The  country  is  an  area  of  Carbonif- 
erous and  older  sedimentary  rocks,  consisting  of  limestone,  quartzite, 
and  shale.  These  are  intruded  by  granodiorite,  quartz  monzonite 
porphyry,  and  related  igneous  rocks,  and  along  the  intrusive  con- 
tacts garnet  zones  have  developed.  Considerable  masses  of  mag- 
netite, pyrite,  and  zinc  blende  are  present.  Pyrrhotite *  is  found  in  the 
Hanover  district,  and  sphalerite  has  been  mined  to  some  extent 
for  zinc' 

At  Santa  Rita  most  of  the  copper  occurs  as  native  metal,  oxide,  or 
sulphide  in  altered  porphyry.  Chalcocite  with  kernels  of  pyrite  is 
present  both  in  the  quartzite  and  the  porphyry.* 

As  stated  by  Graton,  it  is  certain  that  much  of  the  copper  that 
now  exists  as  native  metal  or  oxide  was  not  precipitated  on  pyrite 
but  must  have  been  deposited  from  solution  in  open  spaces  and  in 
porphyry  as  replacement  along  fissures. 

1  Jjindgnn,  Waldemar,  Qraton,  L.  C,  and  Qordon,  C.  H.,  The  ore  depoiite  of  New  Mexioo:  Prof.  Paper 
U.  S.  Qeol.  Survey  No.  68, 1910,  p.  30S. 
*  Idem,  pp.  63, 58, 81. 
•Idem,  p.  aOB. 
•Idem,  p.  9L 
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Whether  or  not  a  mingling  of  solutionfl  oontaining  hydrogen  sulphide  or  some  oihm 
soluble  sulphide  with  those  containing  the  copper  caused  this  precipitation  is  un- 
known.' 

The  presence  in  chalcodte  ores  of  cores  and  kernels  of  pyrite  and,  outside  the  ore 
bodies,  of  pyrite  in  masses  similar  in  distribution  to  the  bodies  of  ore,  as  well  as  in 
a  more  disseminated  state,  and  all  more  or  less  coated  with  chalcodte,  makes  it  cer- 
tain that  at  least  a  great  part  of  the  chalcodte  was  predpitated  by  and  replaced 
pyrite.' 

In  the  disseminated  ores  on  the  Chino  ground  some  55,000,000 
tons  of  ore  averaging  2.24  per  cent  copper  are  said  to  be  developed. 
Most  of  it  is  near  the  surface.  About  70  per  cent,  it  is  said,  may  be 
mined  with  steam  shovels.  The  average  thickness  of  the  capping, 
according  to  B.  S.  Butler,'  is  82  feet,  and  the  average  thickness  of 
the  ore  below  the  capping  is  107  feet. 

The  ore  is  somewhat  richer  than  the  disseminated  ore  in  several 
other  districts  in  the  Southwest,  but  no  data  are  available  to  show 
that  zinc  blende  has  favorably  affected  the  grade  of  the  concentra- 
tion. I  am  informed  that  sphalerite  is  present  in  some  of  the  de- 
posits, but  that  little  or  none  has  been  observed  in  the  ore  directly 
below  some  of  the  important  bodies  of  disseminated  ore. 

JEBOME,  ABIZONA. 

By  F.  L.  Ransome.^ 

At  Jerome  faulting  has  effected  the  relative  elevation  and  exposure 
of  a  mass  of  pre-Cambrian  %chist,  within  which  the  principal  ore 
bodies  thus  far  developed  are  those  of  the  United  Verde  mine.  On 
the  hillside  just  west  of  the  mine  the  schist  is  unconformably  overlain 
by  Cambrian,  Devonian,  and  Carboniferous  beds. 

In  the  vicinity  of  the  mine  the  schist  stands  nearly  vertical,  with 
rather  rough  irregular  cleavage,  and  strikes  a  little  west  of  north. 
At  least  three  varieties  are  distinguishable — (1)  a  green  rock,  schistose 
on  its  margins  but  grading  into  massive  material,  which  is  evidently 
an  altered  dioritic  intrusive;  (2)  a  rough  gray  schist  with  abundant 
phenocrysts  of  quartz,  apparently  an  altered  rhyoUte;  and  (3)  satiny 
greenish-gray,  very  fissile  sericitic  schist  that  may  be  a  metamor- 
phosed sediment.  The  ore  occurs  in  varieties  2  and  3,  the  main 
belt  of  dioritic  rock  (1)  lying  just  west  of  the  ore  bodies.  The  ore  is 
said  to  follow  as  a  rule  the  layers  of  fine  sericitic  schist. 

The  ore  shoot  as  a  whole  is  of  oval  plan,  its  total  horizontal  length 
being  about  1,300  feet  and  its  greatest  width  700  feet.  Its  general 
trend  is  north-northwest  and  it  pitches  in  that  direction  at  an  angle 

1  Lindgren,  Waldemar,  Orafton,  L.  C,  and  Gordon,  C.  H.,  The  ore  dei>osit8  of  New  Metzioo:  TnL 
Paper  U.  S.  Geol.  Survey  No.  68,  1910,  p.  31ft. 
)  Idem,  p.  315. 

•Butler,  B.  8.,  Mineral  Resources  U.  6.  for  1910,  pt.  1,  U.  S.  Geol.  Survey,  1911,  p.  a06. 
« Baaed  on  a  brief  viiit  in  1012. 
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of  45^.  It  has  been  worked  to  a  vertical  depth  of  1,200  feet  with 
no  sign  of  approaching  exhaustion.  This  great  shoot  is  in  reality  a 
complex  of  smaller  but  nevertheless  large  irregular  or  lenticular  ore 
bodies,  apparently  related  in  part  to  cross  fissuring  but  showing  a 
general  tendency  toward  parallelism  with  the  schistosity. 

The  important  ore  constituent  is  chalcopyrite,  associated  with 
v  varying  proportions  of  pyrite  and  sphalerite.  Bomite  has  been 
reported  but  was  not  noted  in  1912.  Neither  galena  nor  pyrrhotite 
was  observed  at  the  time  of  visit.  The  sulphides  occur  partly  in 
small  irregular  fractures  and  along  planes  of  schistosity,  but  to  a 
large  extent  they  have  metasomatically  replaced  the  schist,  par- 
ticularly the  fine-grained  sericitic  variety.  The  ore  contains  very 
Uttle  vein  quartz  or  other  gangue  mineral. 

The  sulphides  mentioned  are  primary  and  were  deposited  in  pre- 
Cambrian  time. 

Oxidized  ore,  containing  malachite,  azurite,  and  cuprite,  extended 
to  a  depth  of  about  400  feet  and  in  its  upper  part  was  comparatively 
rich  in  gold.  Native  copper  was  nowhere  abundant.  Below  the 
level  of  complete  oxidation  there  was,  according  to  H.  J.  Stevens,^ 
some  chalcocitic  enrichment  with  a  relatively  high  proportion  of 
silver,  but  I  was  informed  at  the  mine  that  the  chalcocitic  zone 
was  not  of  great  economic  importance  and  soon  gave  place  to  pri- 
mary ore. 

BX7BBO  MOUNTAIN  DISTBIOT,  NEW  IfiEZIOO. 

The  Burro  Mountain  district  is  in  Grant  County,  southwest  New 
Mexico.  The  country  is  arid  and  lies  5,000  to  8,000  feet  above  the 
sea.  The  main  mass  of  the  moimtains'  consists  of  pre-Cambrian 
granite  and  pegmatite  and  a  dioritic  rock  which  locally  is  gneissic. 
These  rocks  are  intruded  by  monzonite  porphyry. 

The  most  important  deposits  are  impregnations  and  replacements 
along  irregular  fractures  and  zones  of  crushing.  Silica  and  cupri- 
ferous pyrite  have  been  introduced  and  constitute  the  primary  lodes. 
Practically  all  the  workable  ores  are  the  result  of  enrichment  of  this 
lean  pyritic  material.  Rich  oxidized  minerals — ^native  copper, 
cuprite,  melaconite  (?),  chrysocolla,  melanochalcite  (?),  malachite, 
and  azurite — are  foimd  at  or  near  the  surface,  but  at  greater  depth 
chalcocite  and  chalcocite-coated  pyrite  are  the  ore  minerals,  and  at 
a  still  lower  level  these  give  way  to  unaltered  pyrite. 
'  In  the  principal  mine  at  Leopold,  which  belongs  to  the  Burro 
Mountains  Mining  Co. — 

the  zone  of  impoverishment  or  leaching  is  in  most  places  less  than  50  feet  deep. 
The  ore  on  the  first  or  100-foot  level  contains  more  iron  and  less  copper  than  that  on 

1  Stevens,  H.  7.,  Copper  handbook,  1909,  p.  1369. 

I  Lindsren,  Waldemar,  Onton,  L.  C,  and  Gordon,  C.  H.,  The  oie  depoittB  of  Mew  llezko:  ProC.  Faper 
U.  8  Oeol.  Surrey  No.  08, 1910,  p.  820L 
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Hie  ISO-foot  and  160-foot  levela;  in  fact,  it  appears  len  enridied.  It  was  reported 
XQ  1905  that  the  lowest  or  210-foot  level  then  being  driven,  had  encoonteied  low- 
grade  pyritic  ore  under  the  enriched  ore  of  the  upper  levels,  but  since  then  important 
discoveries  have  been  announced.* 

According  to  S.  S.  Lang '  the  chalcocite  ore  ends  very  abruptly 
against  the  pyrite-chalcopyrite  ore  below. 

In  the  district  southeast  of  Leopold,  according  to  Sidney  Paige,* 
the  leached  ground  is  200  feet  deep.  From  this  the  rich^  ores  extend 
downward  to  a  depth  of  380  feet,  where  unaltered  sulphides  are 
encountered.  The  water  level  is  variable — ^from  300  to  500  feet 
below  the  surface. 

CANANEA,  XBZZCO. 

Cananea,  Sonora,  Mexico,  is  25  miles  south  of  the  intemataonal 
boundary  and  some  38  miles  by  rail  from  Bisbee,  Ariz.  The  country 
is  mountainous  and  the  principal  deposits  are  5,200  to  6,500  feet 
above  the  sea.  The  climate,  although  arid,  is  somewhat  more  humid 
than  that  of  Arizona. 

The  region  has  had  a  complex  geologic  history.^  An  ancient  gran- 
ite is  overlain  by  Paleozoic  (?)  quartzite  and  limestone  and  intruded 
by  diabase,  above  which  are  rhyolitic  tuffs  and  rhyolite.  Litnisive 
masses  of  syenite  and  syenite  porphyry  are  later  than  the  sedimentary 
rocks  and  probably  later  than  the  tuffs,  and  large  intrusive  masses 
of  diorite  and  diorite  porphyry  cut  both  tuffs  and  limestones.  A 
later  granite  porphyry,  a  granodiorite,  a  quartz  monzonite  porphyry, 
and  gabbro  and  diabase  are  found  in  intrusive  masses.' 

Contact  metamorphism,  with  the  development  of  heavy  silicates 
and  sulphides,  has  attended  the  intrusion  of  the  diorite  porphyry,  the 
granodiorite,  and  the  quartz  porphyry.  Contact-metamorphic  de- 
posits are  numerous  and  important,  but  these  are  subordinate  to  the 
great  lodes  and  disseminated  ores  in  the  sericitized  and  silicified 
phases  of  the  diorite  porphyry.  The  principal  deposits  of  the  latter 
class  lie  in  a  belt  1  to  2  miles  wide  and  6  miles  long,  which  strikes  a 
little  north  of  west,  significantly  parallel  to  the  great  Eliza  fault.  Hie 
contact-metamorphic  deposits  are  composed  of  chalcopyrite,  sphaler- 
ite, bomite,  magnetite,  hematite,  and  galena  in  a  gangue  of  garnet, 
calcite,  hornblende,  pyroxene,  and  other  heavy  silicates.  In  general, 
these  deposits  show  chalcocite  enrichment  to  only  very  shallow 
depths.* 

1  Lindgren,  Waldemar  Graton,  L.  C.  and  Oordan,  C.  H.,  The  ore  deposits  of  New  ICeodoo:  Prof. 
Paper  U.  6.  Oeol.  Survey  No.  68, 1910,  pp.  322-S2S. 

'  Lang,  8.  S.,  The  Btirro  Mountain  copper  district:  Eng.  and  Min.  Jour.,  vol.  82, 1006,  p.  3M. 

s  Paige,  Sidney,  Metalliferous  ore  deposits  near  the  Burro  Mountains,  Grant  County,  N.  Hex.:  BulL 
U.  8.  Geol.  Survey  No.  470, 1910,  p.  131. 

4  Emmons,  8.  F.,  Cananea  mininc  district  of  Booon,  Maxioo:  Earn.  Geology,  vol.  5, 1010,  p.  3UL 

•  Weed,  W.  H.,  The  Cananea  copper  deposits:  Eng.  and  Mln.  Jour.,  voL  74, 1902,  pp.  7M-745;  Th»  Onnaa 
district:  Trans.  Am.  Inst.  Wn.  Eng.,  vol.  32, 1902,  p.  428;  The  Cananea  on  deposits:  Sng.  and  HId.  Jter., 
vol.  76, 1903,  p.  383.  Austin,  W.  L.,  The  ore  deposiU  of  Cananea:  Eng.  and  MIn.  Jour.,  voL  76,  IKMp  p^ 
310-311.    Hill,  R.  T.,  The  ore  deposits  of  Cananea:  Idem,  p.  421;  Cananea  rarlsltad:  Umb,  ppw  lOOO-loOL 

•  Emmons,  8.  F.,  op.  dt.,  p.  366. 
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The  ores  in  porphyry  are  compoeed  chiefly  of  pyrite,  chalcopyrite, 
sericite,  kaolin,  quartz,  and  other  minerab.  Zinc  blende,  although 
locally  abundant,  is  erratic  in  distribution.  In  these  ores  chalcocite 
enrichment  is  very  extensive. 

Many  of  the  ore  bodies  are  marked  by  conspicuous  gossan  imme- 
diately or  not  far  above  the  deposits.  This,  I  beUeve,  is  invariably 
true  of  the  gametiferous  ores  in  altered  limestone,  although  in  the 
latter  oxidation  extends  only  to  shallow  depths.  Some  richer  ores  of 
this  type  are  seamed  and  coated  with  chalcocite,  and  possibly  some 
chalcopyrite  in  these  deposits  is  secondary,  but  these  ores  are  never- 
theless workable  at  several  places,  in  what  appears  to  be  their  primary 
concentration. 

In  the  West  Cobre  Grande  and  Kirk  mines  the  development  is  in 
both  diorite  porphyry  and  Umestone.  The  ores  are  generally  of  good 
grade,  but  at  the  200-foot  level  there  is  an  apparent  falling  off  in  the 
amoimt  of  chalcocite  and  an  increase  in  the  proportion  of  zinc  in  the 
ore,  which  indicates  sulphide  enrichment.^ 

The  most  important  deposits  of  the  district  are  those  of  the  Capote 
basin,  which  are  almost  exclusively  fractured  zones  in  sericitized 
porphyry.  The  primary  ores  consist  mainly  of  pyrite  with  a  small 
admixture  of  chalcopyrite  and  in  places  considerable  zinc  blende. 
Their  introduction  was  accompanied  by  extensive  sericitization  and 
siUcification  of  the  adjoining  country  rocks.  They  occur  in  closely 
spaced  fractures  or  shear  zones  that  traverse  both  eruptive  and  sedi-  , 
mentary  rock,  and  they  are  disseminated  in  porphyry  throughout  the 
rock,  adjoining  fractures.  The  tenor  in  copper  is  so  low  that  it  is 
doubtful  if  the  primary  ore  could  have  been  mined  at  a  profit  if  it  had 
not  received  additional  copper  by  downward  migration  or  sulphide 
enrichment.' 

The  surface  is  conspicuously  altered  by  oxidation,  which  has  readily 
attacked  the  hydrothermally  altered  pyritized  area.  Along  the 
Capote  fault  zone  the  ore  body  is  capped  by  gossan,  which  lies  above 
porphyry  and  quartzite.  A  chimney  of  ore,  large  on  level  1,  was  fol- 
lowed down  to  level  7,  where  it  had  decreased  in  size.  This  chimney 
of  ore  appears  to  represent  a  zone  of  intense  fracturing  and  one 
peculiarly  favorable  to  concentration.  Some  of  the  fracturing  is 
later  than  primary  deposition,  for  traces  of  enrichment  are  found 
down  to  the  seventh  level.' 

The  Oversight  ore  body  is  capped  by  porphyry  that  is  siUdfied  but 
only  slightly  stained  with  iron.  The  chalcocite  ore  is  found  260  feet 
below  the  surface  and  extends  downward  at  least  300  feet  deeper, 
but  its  lower  limit  had  not  been  determined  in  1907. 

1  Bmmoos,  S.  F.,  op.  cit,  p.  340.  *  Idem,  p.  341.  *  Idem,  p.  346. 
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The  Veta  Grande  ore  body  has  produced  remarkably  rich  oxidized 
ore,  chiefly  cuprite  and  native  copper.  Rich  ore  of  decreasing  tenor 
was  found  as  deep  as  the  500-foot  level.  "In  the  middle  levels  there 
is  much  enrichment  by  chalcocite,  but  this  enrichment  has  apparently 
not  extended  to  the  lowest  level/'  ^ 

NACOZABI,  MEXICO. 

Nacozari,  Sonora,  Mexico,  is  75  miles  south  of  the  international 
boundary  line,  in  a  region  of  hills  and  low  mountain  ranges  much  like 
those  of  Arizona.  The  country  rock  consists  of  volcanic  tuffs,  brec- 
cias, and  other  igneous  rocks,  with  which  are  associated  subordinate 
limestones  and  other  sedimentary  rocks.' 

The  most  important  mines  bdong  to  the  Moctezuma  Copper  Co., 
controlled  by  Phelps,  Dodge  &  Co.  The  principal  developments  are 
those  of  Los  Pilares  mine,  at  the  end  of  a  tunnel  about  a  mile  long, 
which  intersects  a  shaft  600  feet  below  the  surface.  The  largest 
deposit  is  a  great  semicircular  body  of  relatively  low  grade  ore  that 
appears  to  conform  with  a  curving  fractured  mass  of  monzonite  ( ?) 
which  follows  a  sheeted  zone  of  faulting  and  a  faulted  diabase  dike 
that  intersect  nearly  at  a  right  angle. 

The  ore  in  depth  is  composed  of  brecciated  monzonite  ( ?)  the  small 
fragments  of  which  are  cemented  by  iron  and  copper  sulphides.  The 
principal  sulphides  are  pyrite  and  chalcopyrite,  which  in  the  richer 
*  ore  are  coated  with  bomite  and  a  relatively  small  amount  of  chalco- 
cite.  In  places  the  ore  contains  a  little  zinc,  but  lead  is  not  reported 
to  be  present.  At  the  surface  the  outcrop  is  iron-stained  gossan  that 
has  locally  weatheied  into  the  pillars  from  which  the  mine  derives 
its  name.'  As  in  some  other  arid  regions,  the  iron  ore  has  become 
dehydrated  at  the  surface,  forming  specularite.  The  stopes  of  richer 
ore  extend  from  a  short  distance  below  the  100-foot  level  down  nearly 
to  the  500-foot  level.  Below  this  the  ore  is  said  to  be  falling  off  in 
grade. 

It  is  thu0  evidently  to  secondary  enrichment  that  it  owes  its  quality  as  pay  ore. 
Above  these  limits  the  copper  is  leached  out;  within  them  is  the  greatest  concentra- 
tion of  the  richer  sulphides  and,  while  they  can  still  be  observed  in  the  lower  levels 
of  the  mine,  it  is  evident  to  the  eye  that  they  are  in  decreasing  proportion.^ 

According  to  W.  L.  Tovote  •  the  chalcocite  zone  is  insignificant. 

1  Emmons,  S.  F.,  op.  cit.,  p.  347. 

>  Emmons,  S.  F.,  Los  Pilares  mine,  Naoozarl,  Ifozioo:  Econ.  OeoloKy,  vol.  1, 1906,  pp.  63^-643. 

s  Idem,  p.  631. 

<  Idem,  p.  686. 

»ToTOtBk  W.  L.,  llagmatlo  origin  of  oie-llormlBg  solutions:  ICtn.  and  Bd.  Press,  vol.  104, 1913,  p.  601. 
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SILVBBBELL,  A&IZONA. 

The  deposits  at  Silverbell,  Ariz./  are  in  an  area  of  Paleozoic  rocks, 
including  limestones,  complexly  cut  by  an  alaskite  porphyry  intrusion 
and  by  andesite  and  trachyte  dikes  and  covered  by  andesite,  rhyolite, 
basalt,  and  other  rocks.  Garnet  contact  zones  are  developed  in  lime- 
stone near  the  porphyry.  The  ore  bodies,  as  stated  by  Tolman, 
include  contact-metamorphic  deposits  in  limestone,  disseminations 
in  porphyry,  and  fissure  veins. 

The  contact-metamorphic  deposits  supply  most  of  the  ore  (1909). 
These  deposits  carry  chalcopyrite,  pyrite,  quartz,  molybdenite,  and 
occasionally  wulfenite.  A  considerable  proportion  of  this  ore  is 
oxidized.  Some  lean  chalcocite  deposits  are  dissemiaated  in  por- 
phyry. 

SAN  FBANCISOO  BBGION,  T7TAH. 
By  B.  S.  BuTLBR. 

The  San  Francisco  region,  Utah,  is  a  large  mineralized  area  in  the 
San  Francisco  and  adjacent  ranges  in  Beaver  County,  Utah.  The 
sedimentary  series  consists  of  Paleozoic  limestones,  shales,  and  quartz- 
ites.  These  have  been  covered  by  a  thick  series  of  lavas  of  interme- 
diate composition.  These  formations  have  been  intrudedby  quartz 
monzonite  and  allied  rocks. 

The  ore  deposits  may  be  divided  into  three  general  types — (1)  re- 
placement deposits  in  fissures  in  the  quartz  monzonite;  (2)  replace- 
ment deposits  in  the  limestone,  including  contact  deposits  and 
replacement  deposits  along  fissures,  and  (3)  replacement  fissure 
deposits  in  the  lavas. 

Of  the  replacement  deposits  in  fissures  in  the  quartz  monzonite 
the  ore  zone  in  the  Cactus  mine  is  the  most  important.  This  consists 
of  a  brecciated  zone  of  quartz  monzonite  that  has  been  greatly 
altered  and  replaced  by  the  ore  minerals.  These  consist  of  the  sul- 
phides, pyrite  and  chalcopyrite,  with  small  amounts  of  tetrahedrite 
and  galena  and  abundant  specularite  in  a  gangue  of  quartz,  sericite, 
tourmaline,  impure  siderite,  anhydrite,  and  some  barite.  Oxidation 
has  not  extended  below  100  feet  and  for  the  most  part  is  confined  to 
a  space  within  50  feet  of  the  surface.  The  principal  minerab  result- 
ing from  the  oxidation  are  limonite,  azurite,  and  malachite,  with 
some  native  copper.  Chalcocite  is  almost  and  possibly  entirely 
absent  from  the  deposit. 

The  O  K  mine,  in  the  Beaver  Lake  Range,  also  works  a  deposit 
that  lies  in  quartz  monzonite  and  that  is  similar  to  the  deposit  worked 
by  the  Cactus  mine  except  that  it  contains  no  specularite  and  that 

1  Tolman,  C.  F.,  Copper  deposits  of  SflverbeU,  Aris.:  Min.  and  Sd.  Press,  vol.  99, 1909,  pp.  710-712. 
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the  gangue  is  quartz  and  aeiicite.  In  this  deposit  oxidation  has 
extended  to  much  greater  depth,  fully  200  feet,  and  oovellite  and 
chalcocite  replace  pyrite  and  chaloopyrite.  The  only  apparent  rea- 
son for  the  difference  in  the  secondary  ores  here  and  in  the  Cactus 
mine  is  the  presence  in  the  latter  of  carbonate,  which  has  probably 
preyented  or  retarded  the  downward  movement  of  the  copper  content 
of  the  ores. 

The  typical  contact  deposits  are  composed  of  pyrite,  chaloopyrite, 
magnetite,  and  sphalerite  in  a  gangue  of  garnet,  tremolite,  and 
other  silicates.  In  general  oxidation  has  not  extended  to  great  depth, 
probably  owing  to  the  massive  character  of  the  deposits.  The  richer 
ores,  however,  have  resulted  from  concentration  in  the  oxidized  zone. 

The  replacements  along  fissures  in  the  limestone  are  typically  lead- 
silver  deposits  containing  minor  amounts  of  copper  and  zinc.  T^e 
ores  are  largely  oxidized  to  the  depth  of  present  developments — 500 
to  600  feet.  The  metal-bearing  minerals  are  principally  carbonates 
but  include  minor  amounts  of  sulphates. 

The  Horn  Silver  mine  is  on  the  most  important  deposit  in  the  vol- 
canic rocks.  This  deposit  occurs  along  a  fault  that  has  thrown  the 
lavas  down  against  the  Paleozoic  limestone.  The  lavas  have  been 
considerably  shattered  along  this  fault,  especially  in  the  vicinity  of 
minor  cross  faulting,  but  the  limestone  is  relatively  maasive.  Tie 
ore  deposits  have  formed  largely  as  a  replacement  of  the  brecciated 
lava.  The  primary  ore  consists  of  pyrite,  galena,  sphalerite,  and 
minor  amoimts  of  other  metallic  minerals  in  a  gangue  of  quartz, 
sericite,  and  partly  altered  lava.  In  the  oxidized  zone  the  ores  are 
characteristically  sulphates,  anglesite  being  the  principal  mineral  in 
much  of  the  lead  ore.  Complex  sulphates,  such  as  beaverite, 
plumbojarosite,  and  jarosite,  are  rather  abundant,  and  the  oxidized 
copper  ore  carries  much  brochantite.  Zinc  is  not  abimdant  in  the 
oxidized  ores,  though  some  carbonate  of  zhic  occurs.  In  the  secon- 
dary sulphide  zone  the  copper  ore  consists  of  covellite  and  chalcocite, 
partly  or  wholly  replacing  sphalerite,  wurtzite,  pyrite,  and,  to  a 
slight  extent,  galena.  Rich  copper  ores  were  mined  to  a  depth  of 
about  750  feet,  and  enrichment  along  favorable  channels  has  extended 
much  deeper.  The  rich  zinc  ores  of  this  mine  are  composed  of  sphal- 
erite and  wurtzite,  together  with  the  sulphides  of  other  metals  in 
variable  quantities.  The  wurtzite  is  apparently  secondary,  commonly 
forming  around  cores  of  sphalerite,  and  the  richer  ores  have  resulted 
from  the  addition  of  the  zinc  in  the  wiulzite.  Normally  the  zinc 
enrichment  extends  to  greater  depth  than  the  copper  enrichment, 
and  secondary  zinc  sulphide  has  been  replaced  by  secondary  copper 
sulphides. 

The  Beaver  Carbonate  mine,  another  replacement  deposit  in  the 
volcanic  rocks,  is  similar  in  occurrence  to  the  Horn  Silver  deposit, 
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except  that  both  walls  are  of  the  volcamc  rock.  In  this  deposit 
enrichment  has  been  slight,  apparently  owiog  to  the  presence  of  a 
local  water  table  very  near  the  surface. 

8HA8TA  COXTNTY,  CAUFOBNIA. 

• 

The  copper-bearing  region  of  Shasta  County,  Cal.,^  is  an  area  of 
sedimentary  rocks  complexly  intruded  by  several  varieties  of  con- 
sanguineous igneous  rocks.  The  oldest  sedimentary  series  comprises 
the  Kennett  formation  (Middle  Devonian),  which  consists  chiefly  of 
black  fissile  shale,  with  scattered  lenses  of  light-gray  limestone  and 
numerous  gray  or  yellowish  beds  of  tuffaceous  material.  Overlying 
the  Kennett  formation  unconformably  is  the  Bragdon  formation 
(Mississippian),  which  consists  chiefly  of  black  and  gray  shales, 
with  thin  interbedded  layers  of  tuff  and  sandstone  and  bands  of 
conglomerate.  Above  the  Bragdon  is  the  Pit  shale,  of  Middle  and 
Upper  Triassic  age,  consisting  chiefly  of  shales  with  interbedded 
layers  of  volcanic  tuff. 

The  oldest  igneous  rock  is  an  altered  andesite  called  by  Diller  the 
meta-andesite,  which  underlies  and  is  older  than  the  Kennett  and 
Bragdon  formations.  A  massive,  less-altered  andesite  (Dekkas  andes- 
ite) overUes  the  Bragdon  and  underlies  and  grades  into  the  Pit. 
Younger  than  all  these  rocks  and  cutting  the  latest  of  them,  the  Pit 
shale,  are  intrusives  of  soda-rich  alaskite  porphyry,  or  soda  granite. 
The  alaskite  porphyry  is  cut  by  quartz  diorite,  which  in  turn  is  cut 
by  acidic  and  basic  dikes  that  are  genetically  very  closely  related  to  the 
alaskite  porphyry  and  to  the  pegmatites  of  the  region.  These  pegma- 
tites, according  to  Graton,'  are  more  acidic  than  the  present  quartz 
diorite  and  in  places  ''pass  over  into  siliceous  masses  that  are  vir- 
tually quartz  veins  and  carry  sulphides." 

There  are  two  centers  of  alaskite  porphyry,  and  each  is  a  center  of 
ore  deposition. 

The  imxMirtant  copper  depoeita  conaut  of  large  masBee  of  pyritic  ore,  sturounded  in 
most  placee  by  alaakite  porphyry  but  here  and  there  extending  into  shale.  The 
ofes  are  of  medium  richness,  yielding  at  present  an  average  of  about  3  to  3}  per  cent 
of  copper  and  $1.50  to  $2  per  ton  in  precious  metals,  generally  about  equally  divided 
between  gold  and  silver.' 

The  ores  were  probably  formed  about  at  the  close  of  the  Jurassic 
or  the  beginning  of  the  Cretaceous.  They  are  in  part  replacements 
in  shattered  zones  of  alaskite  porphyry  which  is  highly  altered  by 
sericitization  (soda  sericite) .  The  deposits  are  mineralogically  simple. 
Pyrite  is  the  most  abundant  ore  mineral,  and  chalcopyrite  is  the  chief 
one  that  gives  the  ores  their  copper  value.    Sphalerite  or  zinc  blende 

1  Dflkr,  J.  8.,  Radding  folio  (No.  128),  QeoL  AUu  U.  8.,  U.  8.  QeoL  Survey,  1000.   Oraton,  L.  C,  The 
oeoarrenoe  of  copper  in  Shasta  County,  CaL:  BulL  U.  8.  QeoL  Barwnj  No.  480, 1910,  pp.  71-lU. 
>  Oraton,  L.  C,  op.  dt,  p.  SB. 
*  Idem,  p.  80. 
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is  also  present  in  varying  amount;  on  the  aven^  it  possibly  exceeds 
the  chalcopyrite.  Some  galena  is  associated  with  the  zinc  sulphide, 
especially  in  the  eastern  districts  of  the  region.  The  gangue  minerals 
are  gypsum,  calcite,  and  barite.  The  minerals  which  have  resulted 
from  the  alteration  of  the  primary  ore  minerals  include  limonite,  mag- 
netite, wad;  secondary  chalcopyrite,  bomite,  and  chalcocite;  cuprite; 
native  copper;  small  amounts  of  malachite  and  azurite;  and  several 
sulphates. 

In  some  of  the  ore  bomite,  chalcocite,  and  chalcopyrite  are  inter- 
grown.  The  two  richer  copper  sulphides  are  very  conunonly  inter- 
grown  with  the  chalcopyrite,  in  places  inclosing  it  and  in  places  being 
inclosed  by  it. 

These  two  minerals  were  found  in  the  deepest  workings  of  the  Afterthous^t  ™wi^ 
at  a  depth  of  about  600  feet  and  in  the  deepest  workings  of  the  Bully  HiU  mine  at 
970  feet,  as  well  as  at  higher  levels.  In  places  they  are  intergrown  with  and  even 
entirely  surrounded  by  barite,  and  there  is  no  reason  whatever  to  consider  them  as 
other  than  primary  constituents  of  the  ore.  Both  bomite  and  chalcocite,  as  well  as 
chalcopyrite,  however,  are  also  formed  in  the  upper  portions  of  some  oi  the  ore  bodies 
by  the  process  of  secondary  enrichment,  but  almost  all  such  occurrences  can  be 
readily  distinguished  from  those  in  which  the  minerals  ore  of  primary  origin.^ 

The  secondary  zone  was  wonderfully  productive  of  copper  and 
silver  at  the  Iron  Mountain  and  Bully  Hill  mines,  but  at  ot^er  mines 
it  is  either  of  Uttle  importance  or  practically  absent.  The  secondary 
ores  appear  to  have  extended  to  no  great  depth  and  are  now  ex- 
hausted.' 

YEBINGTON,  NEVADA. 

The  country  at  Yerington,  Nev.,  is  an  area  of  schists  and  limestone 
with  intrusive  masses  of  granodiorite,  or  quartz  monzonite,  and 
related  porphyries,  which  are  overlain  by  a  series  of  rhyolite  flows 
and  tuffs,  bedded  volcanic  grits,  andesite  tuff,  and  andesite  breccia, 
and  an  unconformably  overlying  flow  of  basalt.' 

The  copper  deposits,  according  to  Ransome,*  are  (1)  irregular 
bodies  formed  by  metasomatic  replacement  of  limestone  and  genet- 
ically associated  with  metamorphism  of  a  kind  usually  attributed  to 
the  contact  action  of  intrusive  rock,  (2)  metasomatic  vein  deposits 
in  altered  limestone,  and  (3)  metasomatic  vein  deposits  in  grano- 
diorite. 

To  the  first  or  contact-metamorphic  class  belong  the  deposits 
worked  by  the  Bluestone,  Mason  Valley,  and  other  mines.  Li  the 
Bluestone  mine  the  ore  consists  essentially  of  chalcopyrite  dissemi- 

1  Graton,  L.  C.,op.  dt.,  p.  105> 

I  Qraton,  L.  C,  Mineral  Resources  U.  8.  for  1007,  pt  1,  U.  8.  Qeol.  Surrey,  1006,  p.  500. 

•  RaDsome,  F.  L.,  The  Yerington  copper  dJstriot,  NevAda:  Boll.  U.  6.  GeoL  Surrey  No.  S80, 1000,  p.  00. 

«Xd6m,p.  IR 
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Dated  as  grains  and  small  irregular  masses  through  limestone  that 
has  been  altered  to  an  aggregate  consisting  chiefly  of  a  yellowish- 
gray  epidote  with  subordinate  calcite  and  quartz.  A  Uttle  garnet  is 
present.^  Zinc  blende  is  not  mentioned.  In  these  deposits,  as  stated 
by  Ransome — 

Oxidation  is  not  extensive  and  scarcely  penetrates  lo  the  100-foot  level,  while 
chalcopyrite  is  present  in  the  croppings.  The  products  of  oxidation  are  malachite 
(with  possibly  some  brochantite  and  libethenite),  azurite,  cuprite,  and  chalcanthite. 
These  are  generally  associated  with  sulphides,  and  there  are  no  large  masses  of  thor- 
oughly oxidized  ore.  A  little  chalcocite  occurs  above  the  100-foot  level,  but  there 
has  been  no  important  enrichment  through  the  secondary  formation  of  this  mineral. 
It  is  evident  that  the  ore  body  as  a  whole  is  too  solid  to  have  been  penetrable  to  any 
considerable  depth  by  oxidizing  solutions  and  that  erosion  has  kept  pace  with  the 
process  of  weathering.' 

The  vein  deposits  in  limestone  are  represented  by  the  Ludwig 
vein,  which  is  composed  mainly  of  coarse  crystalline  calcite  carrying 
some  garnet  with  pyrite  and  chalcopyrite.  Oxidation  in  this  deposit 
has  extended  to  a  depth  of  about  500  feet  and  has  produced  ore  of 
shipping  grade.  At  the  base  of  the  oxidized  zone  there  has  been 
some  chalcocite  enrichment.' 

The  primary  ore  of  the  Mason  Valley  mine  contains  more  pyrite  with  the  chalco- 
pyrite than  that  of  the  Bluestone  mine  and  appears  to  be  generally  of  lower  grade. 
Oxidation,  however,  has  penetrated  deeper  and  has  effected  some  local  concentration 
down  to  the  No.  3  tunnel,  although  some  sulphides  occur  at  the  surface.  On  the  No. 
3  level  there  is  a  considerable  body  of  rich  ore  consisting  of  impure  earthy  cuprite 
with  much  disseminated  native  copper.  The  shape  and  extent  of  this  body,  which 
contains  up  to  20  per  cent  of  copper,  have  not  been  fully  ascertained.  Chalcocite  in 
a  soft,  sooty  condition  occurs  sparingly,  but  there  has  been  no  important  enrichment 
through  the  formation  of  this  sulphide.  The  minerals  noted  in  the  oxidized  zone 
are  malachite,  azurite,  cuprite,  native  copper,  limonite,  gypsum,  and  chalcanthite.* 

VANCOTTTEB,  BBITISH  COLI7HBIA. 

The  copper  deposits  on  the  west  side  of  Vancouver  Island  are  located 
near  contacts  of  granite  and  calcareous  sedimentary  rocks  and  are 
composed  of  pyrite,  bomite,  garnet,  and  other  minerals.  The  ore  of 
the  Monitor  mine  is  a  mixture  of  chalcopyrite,  pyrrhotite,  and  coarse 
magnetite,  filling  interstices  and  holding  unreplaced  rock  fragments.* 

According  to  William  M.  Brewer,*  some  of  the  deposits  carry  mag- 
netite and  gossan  at  the  outcrop,  and  rich  chalcopyrite  ore  was  found 
in  one  deposit  within  6  feet  of  the  surface. 

1  Ransome,  F.  L.,  The  Yerington  copper  district,  Nevada,  BolL  U.  8.  QeoL  Boirey  No.  380, 1909,  p.  107. 
>Idem,  p.  108. 
•Idem.  p.  117. 
4  Idem,  p.  110. 

*  Weed,  W.  H.,  The  copper  mines  of  the  world.  New  York,  1907,  p.  222. 

•Brewer,  W.  M.,  The  oopper  deposits  of  VanoooTer  Island:  Trans.  Am.  Inst.  UUy.  Eng.»  vol.  20, 1900^ 
pp. 
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8N0W8T0BM  LODE,  0<Him  D'AUBMB  DI8TBI0T,  ZDABO. 

The  SnowBtonn  lode/  3^  miles  east-northeast  of  MuUaiii  Idaho, 
is  a  wide  zone  of  impregnation  m  Reyett  quartzite  (pre-C^mbiian) 
and  conforms  with  the  bedding,  which  strikes  N.  60°  W.  and  dips  65° 
SW.  There  is  no  pronounced  fissuring  along  the  lode,  but  micro- 
scopic study  shows  a  network  of  fractures  or  invisible  capillaiy  open- 
ings which  gave  access  to  the  ore-bearing  solutions.  Tlie  vein  dips 
down  the  slope  of  the  hiU,  and  tunnel  3  is  about  800  feet  below  the 
surface. 

The  ore  is  hi^y  siliceous  (over  90  per  cent  SiO,)  and  is  in  wide 
demand  for  use  in  converter  linings.  It  carried  (1904)  about  4  per 
cent  copper,  6  ounces  silver,  and  0.1  ounce  gold. 

In  its  unoxidized  fonn  the  best  ore  coDBistB  of  quartzite  ao  crowded  with  little 
flpecki  and  small  irreg^ular  bunches  of  bomite,  chalcocite,  and  chalcopyrite  aa  to  be 
daik  gray  or  nearly  black.  The  microscope  shows  that  the  ore  minerals  to  some  ezlnt 
fill  iiTQgular  microscopic  fissures  but  that  for  the  most  part  they  have  replaced  the 
intenrtitial  sericite  and  siderite  of  the  country  quartzite. 

Comparatively  little  of  the  ore,  however,  remains  in  its  sulphide  condition.  Most 
of  it  has  been  oxidized  to  cuprite  and  malachite.  There  is  no  well-defined  zone  of 
oxidation,  most  of  the  sulphide  ore  occurring  in  No.  2  tunnel  [about  460  feet  below  the 
outcrop  measured  on  the  dip  of  65®]  and  some  carbonate  in  No.  3  tunnel  [about  1,200 
feet  below  the  outcrop  measured  on  the  dip  of  65**].' 

G0PFBB0P0LI8,  CALIFORNIA. 

The  rocks  in  the  vicinity  of  Copperopolis,  Cal.,  are  metamorphosed 
igneous  and  sedimentary  rocks  of  the  '^  Bedrock  series  "  emd  include 
the  Mariposa  slate,  meta-andesites,  and  other  rocks,  cut  by  gabbro, 
hornblende,  granodiorite,  and  serpentine.'  The  ore  occurs  as  over- 
lapping lenses,  many  arranged  en  6chelon,  each  lens  being  composed 
of  a  complex  series  of  bands  or  veiolets  of  chalcopyrite  and  pyrite 
deposited  mainly  parallel  to  the  foliation  of  the  schist.  In  age  the 
ore,  according  to  Reid,  is  earlier  than  the  gold-bearing  veins  of  the 
Mother  Lode  region.  These  veins  are  associated  with  the  acidic 
intrusives  of  this  part  of  the  Sierra  Nevada,  which  are  distinctly 
later  than  the  copper  ore. 

The  surface  zone  of  oxidized  ore  is  very  shallow,  30  feet  or  less,  and  a  zone  of  sec- 
ondary enrichment  is  entirely  lacking.  This  is  no  doubt  due  to  the  fact  that  the 
intense  lateral  pressure  in  the  rocks  has  prevented  the  formation  of  a  vadoee  circu- 
lation. The  actual  surface  is  characterized  by  extensive  gossan,  in  ^ich  occur  seams 
of  malachite,  often  very  rich,  coating  the  schist.  A  very  small  amount  of  azurite 
occurs,  particularly  toward  the  south.  In  the  Empire  ground,  south  to  the  c<nicen- 
trator,  cuprite  is  found.  Some  very  rich  ore  of  this  kind  has  been  mined  within  a 
few  feet  of  the  concentrator,  to  the  north.    In  a  small  incline  shaft  a  few  feet  south 


1  Raiuome,  F.  L.,  and  CaDdm,  F.  C,  The  geology  and  ore  depostts  of  the  CoBur  d'Alene  dJitiict,  Idaho: 
Prof.  Paper  U.  8.  Qeol.  Survey  No.  62, 1Q06,  p.  151. 

s  Idem,  p.  152.    The  matter  in  brackets  is  mine.— W.  H.  E. 

*  Reid,  J.  A.,  The  ore  deposits  of  Copperopolis,  Calaveras  Coonty,  OaL:  Boon.  Qeology,  toL  S;  1907,  pp^ 
MMl?. 
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of  the  Empire  ahaft  cuprite  appeiuB  as  small  flaket  in  the  gliding  planes  of  serpentine 
and  talc.  The  ground  to  the  south,  from  the  Empire  shaft  to  the  gabbro  boss,  shows 
the  largest  amount  of  oxidized  ore,  due  to  the  greater  shattering  of  the  rocks  by  the 
latest  igneous  intnisives. 

Beneath  this  oxidized  zone  occur  the  ordinal  sulphides— -chalcopyrite  and  pjrrite 
in  a  gangue  of  country  rock,  the  latter  being  usually  chlorite  schist.  The  richest  ore 
is  pure  chalcopyrite;  the  copper  content  is  lowered  both  by  admixture  of  pyrite  and 
of  country  rock.  The  presence  of  too  much  schist  or  other  rock  makes  a  low-grade 
concentrating  ore;  too  much  pyrite  produces  eventually  waste  material.  Both  the 
sulphide  minerals,  which  occur  relatively  in  all  proportions,  are  found  in  thin  vein* 
lets  or  bands  in  the  foliation  planes  of  the  serpentine  and  talc.^ 

BOUBO,  LOWBB  CALIFOBNIA. 

The  Boleo  mines,  on  the  east  coast  of  Lower  California,  are  among 
the  more  important  copper  deposits  in  Mexico.  Accordmg  to  Fuchs,' 
the  country  is  an  arid  dissected  plateau  composed  of  trachytic  tuffs 
and  conglomerate,  probably  Tertiary,  which  are  cut  by  intrusive 
trachyte.  The  ore  beds,  which  conform  with  the  strata,  are  gently 
inclined  to  the  sea.  There  are  three  beds,  each  of  which  is  in  general 
from  2  to  8  feet  thick,  and  the  three  lodes  are  separated  by  a  few  feet 
of  clayey  tuffs  and  conglomerates.  The  ore  bods  are  altered  dayey 
tuffs  and  the  ore  is  scattered  through  the  clay  in  small  fragments  and 
nodules,  hence  the  name.  The  minerals  include  cuprite,  atac&mite, 
azurite,  malachite,  chiysocolla,  crednerite,  and  salt. 

Stevens,'  who  writes  later  than  Fuchs,  states  that  chalcocite  and 
covellite  predominate,  although  the  lowest  bed,  which  is  partly 
below  the  water  line,  carries  oxides  and  carbonates  also.  At  the  bot- 
tom of  each  bed  is  6  to  8  inches  of  rich  ore,  which  was  once  sorted 
to  run  about  20  per  cent  copper.  De  Launay^  supposed  that  the  ores 
were  formed  by  processes  of  sedimentation,  tibe  mineral  waters  issuing 
at  the  time  the  volcanic  sedimentary  rocks  were  formed,  but  Weed  * 
suggests  that  they  were  formed  by  thermal  waters  after  sedimentation. 

BBADEN  COPPEB  MINES,  CHILE. 

The  mines  of  the  Braden  Copper  Co.  are  in  the  O'Higgins  province, 
Chile,  in  the  Andes.  The  country  rock  is  andesite  surrounding  a 
body  of  Ught-gray  tuff,  which  is  said  to  represent  the  crater  of  an 
ancient  volcano.*  The  diameter  of  the  volcanic  neck  is  about  4,000 
feet  and  the  periphery  measures  about  2^  miles.  It  is  said  to  be  of 
Tertiary  age,  presumably  the  later  Tertiary. 

The  ore  lodes  are  in  and  around  the  periphery  of  the  crater,  in  andes- 
ite at  its  contact  with  tuff.     The  minerals  are  pyrite,  magnetite, 

iReid,  J.  A.,  The  ore  depoeitB  of  Copperopolis,  OalATeras  Coantj,  Gal.:  Eoon.  Geology,  vol.  2, 1907, 
p.  898. 

*  Fuchs,  Edmond,  Note  sor  lea  gisements  de  caine  da  BoMo:  Compt.  xend.  14^  sess.  Assoc,  fnm^. 
ftTsneem.  soL  (Qnnohle,  188S),  pt.  2, 1886,  pp.  41(M3a. 

*  Stevens,  H.  J.,  The  copper  handbook,  vol.  9, 1909,  p.  889. 

«Qooted  hj  Weed,  W.  H.,  The  copper  mines  of  the  worid,  New  York,  1907,  pp.  945-310. 

•  Idem,  p.  340. 

•  Ysatmaa,  Pope,  Ths  Biadsn  copper  mhui:  Min.  end  Sd.  Frees,  vd.  108, 1011,  pp.  70O-77X 
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chalcopyrite,  bomite,  secondary  chalcopyrite,  zinc  blende,  and  tetrar 
hedrite(t).  The  nonmetallic  minerals  include  tourmaline^  quartz, 
ankerite,  calcite,  chlorite,  sericite,  mica,  epidote,  and  zircon.  In  the 
asone  of  oxidation  are  limonite,  cuprite,  native  copper,  and  carbonates 
and  sihcates  of  copper. 

In  one  ore  body,  in  the  Fortuna  mine,  chalcocite  occurs  apparently 
only  on  their  coatings  on  pyrite  and  chalcopyrite,  increasing  the 
grade  of  the  ore  only  slightly.  In  the  Teniente  ore  body  the  effects 
of  sulphide  enrichment  appear  to  be  somewhat  greater.  It  is  con- 
cluded, however,  that  the  copper  content  is  mainly  in  the  primary 
minerals.  Over  10,000,000  tons  of  ore  have  been  developed,  the 
value  being  about  2.8  per  cent  copper. 

QI7EEN  OF  BBONZE  MINB,  OBBOON. 

The  deposits  of  the  Queen  of  Bronze  mine,  in  southwestern  Oregon,^ 
are  irr^ular  masses  of  ore  in  fractured  and  fissured  portions  of  gabbro, 
peridotite,  and  serpentme. 

The  unoxidized  ore  is  chalcopyrite,  with  which  are  aasociated  pyrite,  pyrrhotite,  and 
subordinate  amounts  of  quartz  and  calcite.  In  the  low-grade  ores  pyrite  and  pynho- 
tite  are  the  most  abundant  minerals.  In  addition  to  the  copper  content,  the  ores  cany 
some  gold  and 'silver. 

The  oxidized  ores  are  malachite,  azurite,  cuprite,  tenorite  (?),  and  chryBocoUa.  Of 
these  the  black  ores  containing  tenorite  or  chalcocite  are  more  abundant.  The  average 
content  in  copper  was  more  than  10  per  cent.  The  lower  limit  of  the  oxidized  ores  is 
usually  less  than  90  feet  from  the  surface,  but  some  have  been  found  at  greater  depths. 
In  a  small  opening  about  105  feet  below  the  surface  black  oxide  and  small  amounts  of 
native  copper  were  observed. 

Although  depths  of  about  300  feet  have  been  reached  in  the  workings,  no  impor- 
tant body  of  ore  has  been  found  below  125  feet. 

ENCAMPMENT  DISTBICT,  WYOMZNG. 

The  copper  deposits  of  the  Encampment  district,  Wyoming,'  are 
in  an  area  of  pre-Cambrian  metamorphosed  igneous  and  sedimentary 
rocks,  which  are  cut  by  pre-Cambrian  gabbro,  granite,  and  quartz 
diorite.  The  principal  mines  are  the  Doane  and  the  Ferris-Haggarty, 
both  of  them  in  fractured  quartzite.  The  primary  copper  ores  are 
chalcopyrite  and  pyrrhotite.  The  secondary  ores  include  azurite, 
malachite,  chrysocoUa,  bomite,  chalcocite,  and  covelUte. 

The  country  is  about  10,000  feet  above  the  sea;  the  cUmate  is  moist 
and  ground  water  is  near  the  surface.  The  lodes  are  tight  and  some 
mines  are  dry  450  feet  below  the  surface.'  At  the  Ferris-Haggarty 
mine  there  was  a  strong  capping  of  spongy  limonite  containing  no 
visible  copper  minerals.    At  the  Doane  mine  green  copper  minerals 

>  Diller,  J.  8.,  and  Kay,  O.  F..  Mineral  rMoaroes  of  the  Granti  Paos  quadrangle  and  bordering  diitrieti^ 
Oregon:  Boll.  U.  8.  Oeol.  8iirve7  No.  380, 1009,  pp.  7&-7S. 

s  Spencer,  A.  C,  The  copper  depoeits  of  the  Snoampnuat  district,  Wjomlnr  Prof.  Paper  U.  8.  GeoL 
Survey  No.  25, 1904. 

•Idm,  p.  44. 
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mixed  with  the  Umonite  were  encountered  at  the  surface  and  con- 
tinued to  a  depth  of  100  feet  or  more.^ 

The  richest  ores  occur  immediately  below  the  gossan  and  are  com- 
posed chiefly  of  secondary  chalcocite.'  From  the  position  of  the 
stopes  in  several  mine  sections  some  chalcocite  appears  to  extend 
downward  probably  200  feet  or  more  below  the  top  of  the  chalcocite 
zone.  The  secondary  copper  ores,  according  to  Graton,'  carried  good 
values  in  precious  metal. 

DUCKTOWN,  TENNESSEE. 

The  Ducktown  district,  in  Tennessee,  occupies  an  intermontane 
basin  in  the  heart  of  the  southern  Appalachian  region,  near  the 
Georgia-North  Carolina  boundary.  The  ore  deposits  outcrop  be- 
tween 1,400  and  1,800  feet  above  the  sea.  The  climate  is  moist.  The 
prevailing  rocks  of  the  district  are  sandy  schists  and  graywackes, 
with  which  are  interbedded  mica  schists.  The  dominant  series  is  the 
metamorphosed  product  of  an  association  of  sedimentary  beds,  in- 
cluding conglomerate,  grits,  sandstones,  and  shales.  The  beds  grade 
into  one  another  along  the  strike  and  across  the  bedding.  They  con- 
tain smaU  bodies  of  pegmatites  and  peculiar  masses  and  stringers  of 
an  actinolite-feldspar  rock  which  has  a  composition  near  that  of 
quartz  diorite.  The  schists  are  cut  by  dikes  of  gabbro,  which  are  not 
so  highly  metamorphosed  by  pressure  as  the  sedimentary  beds.  The 
schistosity  and  the  bedding  of  the  sedimentary  rocks  strike  nearly 
everywhere  northeast,  and  the  prevailing  dip  is  southeast.  These 
rocks  have  been  folded  into  sharp  folds,  many  of  them  isoclines. 
Many  of  the  folds  were  broken  along  the  crests  of  anticlines  ^  and  pass 
into  reverse  strike  faults  that  nearly  everywhere  dip  southeast. 

The  ore  bodies  *  are  replacements  of  limestone  lenses  which  prob- 
ably, though  not  certainly,  were  deposited  at  a  single  stratigraphic 
horizon.  They  range  in  width  from  a  few  feet  to  over  250  feet  and 
have  shapes  that  are  characteristic  of  closely  folded  sedimentary  beds. 
Anticlines  and  faulted  anticlines,  which  are  characteristic  of  this 
region,  are  shown  in  the  ore  zone.  The  ores  themselves  are  somewhat 
metamorphosed  by  dynamic  processes,  and  the  gangue  minerals  are 
bent  and  twisted,  but  at  most  places  they  do  not  exhibit  a  well-defined 

Spencer,  A.  C,  The  copper  deposits  of  tlie  Encampmmt  district,  Wyoming:  Prof.  Paper  U.  8.  OeoL 
Survey  No.  28, 1904,  p.  45. 

*  Idem,  p.  56. 

s  Oraton,  L.  C,  Mineral  Resooroes  U.  8.  for  1906,  U.  8.  Geol.  Survey,  1907,  p.  410. 
i  Keith,  Arthur,  Nantahala  folio  (No.  143),  Qeol.  Atlas  U.  8.,  U.  8.  Oed.  Sarvey,  1907. 

•  Saflord,  J.  IC,  Geology  of  Tennessee,  Nashville,  1809,  pp.  460-^483.  Whitney,  J.  D.,  Remarks  on  *  •  * 
the  east  Tennessee  copper  mines:  Am.  Jour.  Sd.,  ad  ser.,  vol.  30, 1865,  pp.  53-^7.  Ansted,  D.  T.,  On  the 
oopper  lodes  of  Dooktown,  in  east  Tennessee:  Quart.  Jour.  Qeol.  8oc.,  vol.  13, 1867,  pp.  346-2B4.  Heinrioh, 
Carl,  The  Duoktown  ore  deposits:  Trans.  Am.  Inst.  Mln.  Eng.,  voL  25, 1896,  p.  178.  Kemp,  J.  F.,  The 
deposits  of  copper  ores  at  Docktown,  Tenn.:  Trans.  Am.  Inst.  Min.  Bng.,  voL  31, 1902,  pp.  344-266. 
Weed,  W.  H.,  Types  of  oopper  deposits  in  the  soothem  United  States:  Tnns.  Am.  Inst  ICtn.  Eng.,  vol. 
30, 1901,  p.  480.  Emmons,  W.  H.,aiid  Laney,  P.  B.,  Preliminary  report  on  the  mineral  deportti  of  Daek- 
lown,  Tenn.:  BnlL  U.  B.  OeoL  Sorfay  No.  470, 1011,  pp.  161-inL 
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0oh]sto0ity«  They  were  probably  deposited  after  the  rock  that  now 
incloses  tiiem  and  the  limestone  they  replace  had  been  subjected  to 
considerable  dynamic  metamorphiam.  The  outcrops  are  composed 
of  iron  oxides  and  quartz  and  contrast  strongly  with  the  country  rock. 
All  the  lodes  have  a  general  northeast  strike.  South  of  the  Culchote 
mine,  which  is  near  the  center  of  the  productive  area,  they  strike  more 
nearly  north  than  east;  north  of  the  Culchote  they  strike  more  nearly 
east  than  north.  In  general  the  lodes  dip  southeast,  but  some  dip 
northwest.  The  deepest  development  underground  is  about  800  feet 
below  the  surface. 

The  primary  ore  consists  of  pjnrrhotite,  pyrite,  chalcopyrite,  zdnc 
blende,  bomite,  specularite,  magnetite,  actinolite,  calcite,  tremolite, 
quartz,  pyroxene,  garnet,  zoisite,  chlorite,  micas,  graphite,  titanite, 
and  feldspars.  The  minerals  are  generally  intergrown  and  are  of  con- 
temporaneous age.  Essentially  the  same  minerals  are  found  in  all 
the  deposits,  but  they  appear  in  varying  proportions  at  different 
places  in  the  lodes.  Where  its  content  of  copper  is  above  1.5  per 
cent,  or  ^ere  its  sulphur  content  is  high,  the  material  is  ore,  but 
where  the  proportion  of  actinolite  and  other  lime  silicates  is  greater 
and  the  sulphides  are  less  abundant  the  material,  though  containing 
copper  and  other  sulphides,  is  not  workable. 

The  gossan  extends  from  the  surface  to  a  maximiun  depth  of  100 
feet.  It  carries  40  to  50  per  cent  iron,  generally  less  than  12  per  cent 
siUca  and  alumina,  and  0.3  to  0.7  per  cent  copper.  The  minerals  are 
hydrous  iron  oxides,  quartz,  jasper,  and  kaolin,  with  a  httle  cuprite, 
native  copper,  and  sulphur.  Below  the  gossan  iron  ores  is  a  zone  of 
dark,  rich  copper  ores,  consisting  of  chalcocite  and  other  copper  min- 
erals in  a  gangue  of  sulphates,  quartz,  and  decomposed  silicates. 
Under  the  higher  portions  of  the  outcrops  of  the  lodes  the  top  of  this 
zone  is  about  100  feet  below  the  surface,  but  the  depth  decreases  down 
the  slopes,  and  where  the  lodes  are  crossed  by  running  streams  the 
secondary  copper  ores  are  exposed  at  the  surface.  The  upper  limit 
of  the  chalcocite  zone  follows  the  level  of  ground  water,  which  in 
turn  follows  the  contour  of  the  country  but  is  less  accentuated.^ 

The  secondary  minerals  include  argentite,  azurite,  bomite,  chal- 
canthite,  chalcedony,  chalcocite,  chalcopyrite,  chrysocolla,  covellite, 
cuprite,  gypsum,  iron  sulphate,  jasper,  kaolin,  limonite,  malachite, 
marcasite,  melaconite,  native  copper,  sulphur,  and  talc.  The  copper 
content  of  much  of  this  ore  ranges  from  20  to  30  per  cent. 

The  secondary  zone  is  less  extensive  vertically  than  most  chalcocite 
zones  elsewhere.  The  lodes  are  comparatively  impervious  to  doira- 
ward  circulation,  and  it  is  beUeved  that  the  reactions  were  brought 
nearly  to  completion  before  the  descending  oxidized  solutions  had 
moved  downward  great  distances.' 

1  Emmons,  W.  H.,  and  Laney,  F.  B.,  op.  dt,  p.  170L  sidtm,  p.  171 
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In  all  the  mines  except  the  East  Tennessee  pyrrhotite  is  abundant, 
constituting  more  than  half  of  the  primary  ore,  and  the  vertical 
extent  of  the  chalcocite  zone  is  generally  less  than  10  feet.  In  the 
East  Tennessee  mine,  in  which  pyrrhotite  is  much  less  abundant,  the 
vertical  extent  of  the  chalcocite  zone  is  at  least  125  feet.  The  lodes 
are  tight,  and  the  downward  circulation  was  probably  slow  before  the 
mines  were  opened,  but  secondary  chalcopyrite  has  been  deposited 
below  the  chalcocite  zone  and  probably  extends  300  or  400  feet  or 
more  below  the  horizon  of  chalcocite. 

GOSSAN  UBAD,  VntGINIA. 

The  Gossan  lead,  in  southwestern  Virginia,  is  inclosed  in  highly 
metamorphosed  crystalline  schists.  It  strikes  northeast,  dips  about 
45^,  and  may  be  traced  almost  continuously  for  18  miles.  It  consists 
of  pyrrhotite,  chalcopyrite,  quartz,  hornblende,  mica,  and  other 
minerals. 

Beneath  the  gossan  there  is  usually  found  from  a  foot  to  6  feet  of 
the  secondary  copper  ores,  containing  near  the  top  more  or  less 
carbonate  and  oxide  and  very  rarely  a  little  native  copper;  farther 
down,  on  top  ef  the  unaltered  sulphides,  there  is  more  or  less  soft 
black  ore,  the  so-called  "smut  ore''  of  the  miners,  with  secondary 
chalcopyrite.* 

As  stated  by  Weed,'  there  has  been  some  postmineral  fracturing, 
which,  presumably,  would  favor  a  downward  circulation.  The  char- 
acter of  the  enrichment  i3  nevertheless  closely  similar  to  that  in  the 
pyrrhotite  ores  at  Ducktown,  Tenn.  As  stated  by  Watson,*  the 
weathering  measured  in  20  operations  has  extended  to  an  average 
depth  of  34  feet,  ranging  from  10  to  60  feet. 

STONE  HILL,  ALABAMA. 

At  Stone  Hill,  Cleburne  County,  Ala.,  a  deposit  of  pjrrhotite,  with 
some  chalcopyrite,  is  inclosed  in  gneiss  and  homblendic  and  other 
schists.  The  ore  body  is  said  to  be  24  feet  wide  and  is  traceable  on 
the  surface  for  1,200  feet.* 

Below  the  shallow  gossan  are  rich  "black  copper"  ores  of  rather 
slight  vertical  extent,  above  the  yellow  sulphides. 

ELY,  VEBHONT. 

The  copper  deposits  near  Ely,  Vt.,  are  lenticular  masses  in  mica 
schist.^  Some  of  the  deposits  have  been  worked  to  very  great  depths. 
The  ore  is  composed  of  pyrrhotite,  scattered  grains  and  irregular 

1  Weed,  W.  H.,  Copper  deposits  of  the  Appalachian  States:  BuU.  U.  8.  GeoL  Stirvey  No.  465, 1011,  p.  120. 
'Idem,  p.  119. 

*  Watson,  T.  L.,  Mineral  resources  of  Virginia,  Lynchburg,  1907,  p.  421. 

*  Weed,  W.  H.,  The  copper  mines  of  the  world.  New  York,  1907,  p.  275. 

*  Smyth,  H.  L.,  and  Smith,  P.  S.,  The  copper  deposits  of  Orange  County,  Vt:  Eng.  and  liin.  Jour.,  yoL 
77, 1904,  pp.  677-079»  Wosd,  W.  H.,  Notes  on  the  copper  mines  of  Vermont:  BnlL  U.  8.  Oeol.  Survey  No. 
335, 1904,  p.  190, 
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masses  of  chalcopyrite,  and  small  amounts  of  pyrite  and  zinc  blende. 
The  gangue  minerals  consist  of  quartz,  actinolite,  garnet,  and  other 
metamorphic  minerals.  The  main  part  of  the  ore  body  consists  of 
very  massive  pyrrhotite,  with  small  amounts  of  quartz  and  other 
minerals.^ 

The  country  has  been  glaciated,  and  the  tops  of  the  deposits  have 
very  little  gossan,  the  sulphide  appearing  at  some  places  at  the  surface. 
The  richer  ores  near  the  surface  of  these  deposits  were  removed  long 
ago,  and  published  descriptions  of  the  details  of  their  occurrence  are 
not  available  to  me.  Mr.  J.  W.  Tyson,  of  the  Tennessee  Copper  Co., 
at  Ducktown,  who  was  present  when  some  of  these  deposits  were 
opened,  informs  me  that  the  richer  black  ores  were  found  within  100 
feet  of  the  surface  and  laid  like  a  floor  over  the  lower-grade  yellow 
sulphides.  The  relations,  he  states,  were  closely  similar  to  those  of  the 
"black  ores"  at  Ducktown. 

LA  BICHA,  MEZIOO. 

The  Dicha  mine,  Guerrero,  Mexico,  is  150  miles  south  of  the  City 
of  Mexico,  in  a  mountainous  coimtry  about  50  miles  east  of  Acapulco. 
According  to  Weed,'  the  ore  body,  which  occurs  in  micaceous  schist, 
is  parallel  to  the  schistosity .  It  is  proved  for  7,700  feet  along  the  strike 
and  is  from  12  to  88  feet  wide.  The  ore  consists  of  pyrrhotite  with 
streaks,  bunches,  and  specks  of  chalcopyrite  scattered  through  it. 
It  is  said  that  the  primary  ore  carries  5  per  cent  copper.  Mr.  Robert 
T.  Hill '  informs  me  that  the  chalcocite  zone  is  encountered  at  very 
shallow  depths  and  is  itself  very  thin,  ranging  in  thickness  from  6 
inches  to  6  feet.     Its  contact  with  pyrrhotite  is  sharp. 

SANTIAGO,  CUBA. 

Copper  lodes  are  foimd  at  several  places  along  the  south  coast  of 
Cuba  east  and  west  of  Santiago.  The  most  important  deposits  are 
those  of  the  El  Cobre  mine.  The  ore  minerals  of  the  veins  include 
P3rrite,  chalcopyrite,  pyrrhotite,  and  quartz.*  Oxidized  and  chalco- 
cite ores  were  found  50  or  60  feet  below  the  outcrop.  At  greater 
depths  pyritic  ores  in  a  siliceous  gangue  were  found  to  carry  6  per  cent 
copper  without  precious  metals  in  paying  quantity.  The  old  work- 
ings, now  caved,  extended  1,300  feet  below  the  surface.  Copper  is 
precipitated  from  mine  waters  on  scrap  iron. 

1  Weed,  W.  H.,  op.  cit.,  pp.  192-193. 

a  Weed,  W.  H.  (quoting  R.  T.  Hill),  The  copper  minee  of  tbe  world,  New  York,  1907,  p.  251. 
>  Correspondence. 

« Lawrence,  B.  B.,  Copper  mining  in  Cuba:  Mln.  and  ScL  PzciBi,  voL  90, i900|  p.  002.  Weed,  W.  H.,  Tbe 
eopper  mines  of  the  world,  New  York,  1907,  p.  2001 
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PXNAB  DBL  BIO,  CTJBA, 

In  the  Province  of  Pinar  del  Rio,  at  the  extreme  west  end  of  Cuba, 
gossans  150  to  200  feet  wide  are  found.  Below  the  gossans,  at  depths 
of  40  to  50  feet,  are  black  copper  ores.  The  sulphides  include  pyr- 
rhotite,  chalcopyrite,  and  chalcocite.^  Tj^e  rcJlations,  according  to 
Benjamin  B.  Lawrence,  are  similar  in  some  reapects  to  those  seen  at 
Ducktown,  Tenn. 

BOUNDABT  DISTBIOT,  BBITISE  COLUMBIA. 

The  Boundary  district,  Biritish  Columbia,'  lies  between  Columbia 
find  Okanogan  rivers,  near  the  international  boundary.  The  coun- 
try is  mountainous,  forested,  and  about  5,000  feet  above  sea  level. 
It  is  an  area  of  sedimentary  rocks,  including  limestones,  argillites,  and 
quartzite,  with  volcanic  tuffs  and  ash  beds,  probably  of  Paleozoic  age. 
Associated  with  these  rocks  are  gneisses  and  schists,  possibly  Paleozoic 
also.  The  later  rocks  are  porphyries,  serpentines,  and  granodiorite. 
Various  intrusions  and  flows  of  andesite,  basalt,  and  other  rocks  are 
probably  Tertiary.  The  deposits  are  perhaps  related  to  intrusions 
of  alkali  syenite,  which  cuts  most  of  the  other  rocks  and  is  of  Ter- 
tiary age. 

The  principal  deposits  are  in  limestone  or  greenstone,  not  far  from 
intruding  masses.  The  gangue  minerals,  according  to  Brock,  include 
garnet,  epidote,  calcite,  quartz,  and  actinolite.  The  principal  sul- 
phides are  pyrite,  chalcopyrite,  and  pyrrhotite.  Magnetite  is  abun- 
dant in  some  deposits,  and  these  contain  less  of  the  iron  sulphides. 
Sphalerite,  galena,  and  arsenopyrite  are  also  present,  and  the  ores 
contain  appreciable  quantities  of  gold  and  silver. 

Oxidation  extends  only  a  few  feet  down  into  the  copper  ores,  and 
locally  the  sulphide  ore  is  polished  and  striated  by  ice. 

The  mother  lode,  according  to  Brock,  is  over  100  feet  wide  and  at 
least  1,180  feet  long  and  is  developed  to  a  depth  of  about  500  feet. 
Chalcocite  is  practically  unknown  in  this  deposit,  the  principal  copper 
mdneral  being  chalcopyrite.  It  is  reported  that  the  valuable  minerals 
decrease  in  amount  with  increase  of  depth,  but  it  is  not  certain  that 
the  richer  deposits  near  the  surface  are  due  to  chalcopyrite  enrich- 
ment. A  lens  of  the  Knobhill-Ironsides  deposit,  according  to  Le 
Roy,'  is  nearly  half  a  mile  long  and  has  a  maximum  thickness  of  125 
feet  and  a  known  maximum  width  of  900  feet.  Pay  ore,  according  to 
Stevens,  does  not  extend  below  400  feet.     Stevens  says  that  the  values 

1  Lawrence,  B.  B.,  Copper  mining  in  Cuba:  Min.  and  ScL  Press,  vol.  93, 1906,  p.  602. 

s  Brock,  R.  W.,  Preliminary  report  on  the  Boundary  Creek  district,  British  Columbia:  Summ.  Kept 
Oeol.  Survey  Canada  for  1902, 1903,  pp.  90-136.  Le  Roy,  O.  E.,  The  geology  and  ore  deposits  of  Phoenix, 
Boundary  district,  British  Columbia:  Mem.  Qeol.  Survey  Canada  No.  21, 1012.  Stevens,  IT.  J.,  The  copper 
handbook,  vol.  9, 1909,  pp.  206-207.  Ledoux,  A.  R.,  The  production  of  copper  in  the  Boundary  district, 
British  Columbia:  Jour.  Canadian  Min.  Inst.,  voL  5, 1902,  pp.  171-177. 

»  Le  Roy,  O.  E.,  op.  cit.,  p.  67. 

7^93*— Bull.  529—13 ^14 
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have  declined  from  1.7  per  cent  copper,  0.5  ounce  silver,  and  $2  gold 
per  ton  to  about  40  per  cent  less  in  copper,  50  per  cent  in  silver,  and  60 
per  cent  in  gold.  The  ore  reserves  in  1910  were  estimated  by  Otto 
Sussman  at  5,595,000  tons. 

At  Copper  Camp,  near  the  head  of  Copper  Creek,  oxidized  deposits 
of  copper  ores  are  found.  In  depth  these  give  way  to  secondary 
sulphides,  including  chalcocite,  below  which  are  pyrite  and  chalco- 
pyrite. 

On  the  margins  of  the  principal  copper  deposits  are  gold  and  silver 
veins.  The  minerals  of  these  -deposits  include  chalcocite,  galena, 
zinc  blende,  pyiite,  chalcopyrite,  ruby  silver,  argentite,  native  silver, 
and  gold.  The  chalcocite,  rich  silver  minerals,  and  native  silver  and 
gold  usually  occur,  it  is  said,  in  films  around  quartz  crystals  or  in 
small  crevices  in  quartz  and  calcite,  indicating  that  they  are  products 
of  enrichment. 

SAN  JOSE,  HBZIOO. 

San  Jose,  Tamaulipas,  Mexico,  is  40  miles  from  Linares,  on  the 
Monterey  &  Mexican  Gulf  Railway.  The  principal  productive  area 
is  about  2,250  feet  above  sea  levd.  The  deposits  are  in  an  area  of 
limestone  &Qd  nepheline  syenite,  and  the  limestone  is  intruded  by 
diorite  and  by  porphyry.* 

The  limestone  and  the  porphyry  are  cut  by  tinguaite  and  by  basic 
dikes.  Typical  zones  of  heavy  sihcates  with  sulphide  copper  ores  are 
developed  near  contacts  of  limestone  and  diorite  porphyry.'  Mag- 
netite is  a  contact  mineral  and  is  locally  developed  in  large  irregular 
masses.  On  the  borders  there  are  intermingled  garnet  and  diopside, 
and  throughout  the  magnetite  are  abundant  veinlets  of  chalcopyrite 
and  pyrite.  One  prominent  outcrop  gave  the  name  "Piedra  Imin," 
or  lodestone,  to  the  summit  of  Remedios  Hill. 

The  most  important  copper  mineral  is  chalcopyrite,  which,  accord- 
ing to  Kemp,  is  almost  invariably  associated  with  pyrite.  They 
appear  not  only  as  inclusions  in  the  silicates  but  also  as  veinlets  and 
as  coatings  in  cavities.  They  cover  in  places  the  well-developed 
crystals  of  garnet  so  as  to  mold  around  them  like  a  paste.  The  sul- 
phides may  themselves  form  large  masses  analogous  to  the  magnetite 
and  thus  yield  the  best  stopes  of  ore. 

Ores  including  malachite,  chrysocoUa,  and  subordinate  cuprite  are 
found  in  the  oxidized  zone,  especially  along  faults.  I  can  find  no 
mention  of  chalcocite  in  Kcmp^s  descriptions. 

1  Finlaj,  O.  L,  The  geology  of  the  San  Jose  district,  Tamaulipas,  Mexioo:  Annali  New  York  Acad.  ScL, 
voL  14, 1904,  pp.  247-295.  Kemp,  J.  F.,  The  oopper  deposits  at  San  Jose,  Tamaulipas,  Maxioo:  Traa.  ab^. 
lust  Miru  Eng.,  vol.  36, 1906,  pp.  178-203. 

•Kemp,  J.  F.,  op.  cit.,  p.  U8. 
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LA  BBFOBMA  MINB,  GAXPO  KOBADO,  HBZIGO. 

The  Reforma  mine  at  Campo  Morado,  Guerrero,  Mexico,  is  in  an 
area  of  somewhat  metamorphosed  sedimentary  rocks  (probably 
Lower  Cretaceous)  that  are  cut  by  granodiorite,  which  locally  is 
sheared.  Later  porphyry,  probably  monzonite  porphyry,  intrudes 
the  older  rock. 

The  ore  bodies,  as  stated  by  J.  W.  Finch,^  are  large  and  are  exten- 
sively developed.  The  sulphide  ore  consists  of  practically  solid 
masses  of  pyrite,  with  chalcopyrite,  sphalerite,  and  galena  and  little 
or  no  quartz.  It  fills  and  replaces  the  beds,  usually  along  the  con- 
tacts with  granodiorite,  but  is  thought  to  be  genetically  related  to 
the  late  intrusions.  The  Reforma  body  has  an  average  width  in  six 
levels  of  about  100  feet  and  is  continuous  through  the  mountain. 
On  the  sixth  level  pyrite  is  developed  for  2,000  feet  on  the  strike  be- 
tween the  oxidized  zone  at  each  end  of  the  level. 

The  values  are  about  equally  distributed  between  gold,  silver,  and 
copper.  The  pyritic  mass  is  compact  and  oflFers  no  large  channels  for 
water  circulation.  Oxidation  is  apparently  thorough  above  the  water 
level,  but  there  has  been  very  little  reconcentration  of  copper  in  the 
oxidized  zone.  The  copper-bearing  waters  appear  to  have  drained 
laterally  along  the  strike  in  the  gossan  to  the  surface  or  through  the 
footwall  slates.  The  zone  of  attack  of  oxidizing  agents,  as  stated  by 
Finch,  appears  to  be  measurable  vertically  in  inches  along  practically 
all  the  profile  of  the  pyrite,  oxidation  being  complete  as  deep  as  it 
descends.  A  httle  covellite  was  found  at  the  top  of  the  pyrite  in  the 
Navajo  workings,  near  by,  but  neither  covellite  nor  chalcocite  has  been 
recognized  in  the  Reforma.  The  sulphides  appear  to  be  impervious, 
and  there  is  no  evidence  whatever  of  sulphide  enrichment. 

VELABDEfiA  DISTRICT,  MEXICO. 

The  Velardefia  district,  Durango,  Mexico,'  near  the  Mexican  Inter- 
national Railroad,  between  Torreon  and  Durango,  is  an  area  of  folded 
Mesozoic  (probably  Cretaceous)  limestone  which  is  covered  with 
andesitic  tuffs  and  flows  and  cut  by  andesite  intrusions.  Dikes  and 
irregular  masses  of  alaskite  and  of  trachytic  alaskit^  and  diorite 
intrude  the  older  rocks.  A  siliceous  phase  of  the  diorite,  probably 
quartz  monzonite,  ia  limited  to  a  single  intrusion  near  the  Copper 
Queen  mine.  Contact  metamorphism,  with  the  development  of 
heavy  silicates  and  metallic  sulphides,  has  attended  the  intnision  of 
several  of  these  rocks,  and  an  interesting  feature  is  the  metamorphism 
and  development  of  heavy  silicates  in  igneous  as  well  as  in  calcareous 

1  Finch,  J.  W.,  A  geologkad  Jooniay  In  Ouerrero:  Min.  and  ScL  Press,  vol.  101, 1910,  p.  4SS. 
>Spurr,  J.  E.,  and  Qumj,  O.  H.,  On  deposits  of  the  Velardeia  district,  Mexico:  Econ.  Geology,  vol.  3, 
]906,pp.  688.72&. 
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sedimentary  rocks.  The  ore  deposits  are  of  varied  character  and 
clearly  indicate  several  epochs  of  ore  deposition. 

The  deposits  differ  greatly  in  mineral  composition,  but  most  of 
them  contain  considerable  zmc  blende,  zinc  being  about  as  abundant 
as  copper.     Some  deposits  contain  also  pyrrhotite. 

The  Copper  Queen  ore  body,  containing  the  principal  copper  ore  of 
the  region,  consists  of  three  main  pipes  or  chimneys  in  metamorphic 
rock  at  the  contact  of  the  Copper  Queen  intrusion.  The  principal 
sulphides  are  slightly  cupiferous  pyrite,  blende,  and  galena.  The 
ores  here  mined  are  primary  and  there  is  no  very  great  change  of 
nature  in  dcpth.^ 

SX7DBURT,  ONTARIO. 

The  Sudbury  nickel  region,  Ontario,'  is  in  a  hilly,  glaciated  country 
of  moderate  relief.  The  climate  is  cold  and  moist.  The  nickeliferous 
rocks  are  included  in  an  elliptical  area  some  40  miles  long  and  20 
miles  wide,  the  longer  axis  striking  north  of  east.  The  central  por- 
tion of  the  ellipse,  occupied  by  Upper  Huronian  or  post-Huronian 
rocks,  has  been  weathered  to  a  peneplain,  which  is  surrounded  by  a 
hilly  belt  of  eruptive  rock.  The  oldest  series  in  the  region  consists 
of  Huronian  graywacke,  slate,  quartzite,  and  conglomerate,  which  are 
intruded  by  acidic  and  basic  eruptives.'  The  Upper  Huronian  rocks 
(Animikie  group)  include  conglomerate,  tuffs,  slates,  and  sandstones. 
Intruded  between  the  Lower  Huronian  rocks  or  their  igneous  intru- 
sives  and  the  Upper  Huronian  sedimentary  rocks  is  the  great  lacco- 
lithic  mass,  or  sheet,  probably  of  Keeweenawan  age,  which  constitutes 
the  Sudbury  nickel-bearing  eruptive.  This  great  sheet  dips  toward 
its  center,  forming  a  canoe-shaped  body  wliich  outcrops  in  a  rudely 
elliptical  belt  having  a  nearly  plane  surface.  As  a  result  of  magmatic 
differentiation  the  lower  portion  of  the  eruptive  is  norite  and  the 
upper  portion  is  micropegmatite,  the  two  rocks  grading  into  each 
other. 

The  ore  deposits  are  (1)  magmatic  segregations,  which  occur 
between  the  norite  and  the  underlying  rocks,  especially  in  depres- 
sions in  the  Huronian  or  in  rocks  intruded  in  the  Huronian;  (2) 
deposits  of  nearly  related  genesis  in  or  near  dikes  of  norite  that 
extend  outward  from  the  lower  contact  of  the  main  laccolithic  body; 
und  (3)  deposits  outside  the  laccolith,  associated  with  norite  intru- 
sions, which  possibly  are  connected  with  the  principal  body  of  the 
nickeliferous  eruptive  beneath  the  surface.  The  ore  consists  chiefly 
of  pyrrhotite,  wliich  contains  a  small  amount  of  pentlandite  and 

>  spun-,  J.  E.,  and  Oarrey,  O.  U.,  Ore  deposits  of  the  Velardefla  district,  Mexico:  Econ.  Oeotocr, 
vol.  3,  1908,  p.  719. 

•  Barlow,  A.  R.,  Report  on  the  origin,  geological  relations,  and  composition  of  the  nickel  and  copper 
deposits  of  the  Sudbury  mining  district,  Ontario:  Ann.  Rept.  Geol.  Survey  Canada,  vol.  14,  pt.  H,  190i. 
i'olcman,  A.  P.,  The  Sudbury  nickel  field:  Rept.  Ontario  Bur.  Mines,  vol.  14,  pt.  3, 1905,  p.  14. 

J  Coleman,  A.  P.,  loo.  oit 
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chalcopyrite.  At  many  places  it  grades  imperceptibly  into  pyrrho- 
titic  norite.  Fissures  in  the  eruptive  rock  are  filled  with  quartz 
and  sulphides,  and  along  the  contact  with  the  older  rocks  sulphides 
have  been  deposited  by  contact-metamorphic  processes.  Pyrite 
is  intimately  associated  with  pyrrhotite.^  Other  minerals  are  mag- 
netite, niccolite,  cassiterite,  gersdorflBte,  polydymite,  danite,  galena, 
native  copper,  sperrylite,  and  gold.  The  gangue  includes  the  rock- 
making  minerals  of  norite,  with  some  quartz,  calcite,  and  other  car- 
bonates. Alteration  products  include  limonite,  chalcocite,  bornite, 
morenosite,  annabergite,  millerite,  and  probably  several  other 
species. 

Rounded  hills  of  gossan,'  indicating  the  presence  of  sulphide  ore 
beneath,  extend  with  almost  unbroken  continuity  for  miles  along  the 
contact  of  norite  with  underlying  rocks.  The  offsets  and  isolated 
masses  of  norite  with  which  some  of  the  ore  bodies  are  associated  are 
generally  made  brownish  by  the  decomposition  of  disseminated  sul- 
phides. Locally  the  covering  of  gossan  is  as  much  as  6  feet  deep, 
although  its  ordinary  depth  is  2  or  3  feet,  and  it  merges  into  sulphide 
ore  beneath.  Chalcocite  ores  are  not  conspicuously  developed, 
although  the  presence  of  chalcocite  in  some  deposits  is  noted  by  both 
Barlow  and  Coleman.  In  the  Vermilion  mine,  where  the  gossan  is 
deepest,  chalcocite  and  copper  carbonate  are  developed  and  there  is 
a  concentration  of  platinum  or  sperrylite  in  the  gossan.  The  rela- 
tions at  the  Copper  Cliff  mine  of  the  Canadian  Copper  Co.  suggest  a 
probable  chalcopyrite  enrichment.  In  the  earlier  years  of  the 
development  of  this  mine  copper  was  greatly  in  excess  of  nickel, 
averaging  6.44  per  cent,  while  nickel  averaged  only  2.38  per  cent. 
Subsequently  their  proportions  were  reversed,  and  in  1904  •  the 
matte  from  this  deposit  contained  nearly  twice  as  much  nickel  as 
copper.  Of  sulphide  enrichment,  C.  W.  Dickson*  says  that  it  is 
possible  that  the  copper  disseminated  in  the  upper  part  of  the  ore 
bodies,  now  eroded,  has  been  secondarily  deposited  by  downward- 
moving  currents,  but  apparently  not  to  any  great  extent,  for  the 
ground-water  level  is  comparatively  near  the  surface  and  there  is 
little  if  any  enriched  sulphide. 

When  the  thin  surface  covering  is  removed  the  pyrrhotite  appears 
perfectly  fresh  and  is  without  appreciable  admixture  of  secondary 
minerals,  such  as  are  formed  in  the  process  of  enrichment. 

1  Barlow,  A.  E.,  op.  cit.,  p.  97. 
>Idem,  p.  121. 
'Idem,  p.  no. 

*  Dickson,  C.  W.,  The  ore  deposits  of  Sadbury,  Ontario:  Trans.  Am.  Inst.  Min.  Eng.,  voL  34, 1004,  pp. 
01-02. 
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The  deposits  of  Prince  William  Sound,  Alaska,  are  in  graywacke 
and  slates^  of  two  unconfonnable  series,  closely  folded  but  not  hig^y 
metamorphosed.  These  are  cut  by  granites,  acidic  dike  rocks,  and 
basic  intrusive  rocks.  Basic  flows  altered  to  greenstone  are  com- 
monly interstratified  with  the  sedimentary  rocks.  The  ores  were 
deposited  in  zones  of  fracturing  and  shearing.  The  minerals  in  the 
ore  bodies  are  chiefly  pyrrhotite  and  chalcopyrite.  With  these  in 
places  are  quartz,  pyrite,  and  sphalerite,  and  at  least  one  vein  con- 
tains magnetite.  As  a  rule  the  ore  minerals  are  intimately  inteigrown 
and  are  thus  apparently  of  contemporaneous  origin.' 

Possibly  extensive  surface  alteration  and  sulphide  enrichment  took 
place  before  glaciation,  and  the  renmants  of  the  workable  ores  may  be 
the  roots  of  such  enriched  deposits.  In  the  Bonanza  mine,  Latouche 
Island,  chalcopyrite  is  less  abundant  in  the  lower  level  than  it  is 
nearer  the  surface.  Since  glaciation  occurred  there  has  been  surface 
leaching  and  probably  enrichment  of  the  deposit,  as  is  shown  (1)  by 
gossan,  a  few  feet  thick;  (2)  by  a  zone  of  black  sulphides,  a  few  inches 
thick,  above  the  main  ore;  and  (3)  by  waters  that  are  carrying  copper 
in  solution  and  are  in  one  locahty  depositing  native  copper  and 
malachite.' 

According  to  F.  C.  Lincoln*  the  leachings  from  glacial  bowlders  have 
been  precipitated  in  crevices  as  malachite. 

KABAAN  PENINSULA,  PBINCB  OF  WALES  ISLAND,  at.  A  air  a 

The  copper  deposits  of  Kasaan  Peninsula  ^  are  in  an  area  of  cal- 
careous and  other  sedimentary  rocks,  which  are  interbedded  with 
volcanic  tuffs  and  cut  by  intruding  masses  of  granodiorite  and  dikes  of 
granite,  syenite,  and  pegmatite.  These  intrusions  were  followed  by 
the  intrusion  of  dikes  of  felsite  and  subsequently  of  small  dikes  of  dia- 
base and  basalt,  which  cut  the  ore  bodies.  The  sedimentary  rocks  are 
greatly  metamorphosed  near  their  contact  with  the  intruding  rocks, 
where  typical  gamet-epidote-magnetite  contact  zones  are  developed. 
The  deposits  are  in  the  main  iron-copper  sulphides,  intergrown  with 
the  garnet  gangue,  and  are  generally  near  the  contact  of  the  sedi- 
mentary rocks  with  intrusive  syenite.  Most  of  the  deposits  are 
worked  by  open  pits. 

The  ore  ia  composed  lai^ly  of  magnetite,  chalcopyrite,  and  pyrite  aasociated  with 
hornblende  and  calcite,  all  of  which  are  included  in  a  more  or  leas  banded  gamet- 
epidote  gangue. 


1  Grant,  U.  8.,  and  Higglns,  D.  F.,  Reconnaissance  of  the  geology  and  mineral  reeofuoei  of  Prfnoe  WQUam 
Sound,  Alaska:  Bull.  U.  8.  Oeol.  Survey  No.  443, 1910,  p.  20. 

*  Idem,  p.  68. 

*  Lincoln,  F.  C,  The  Big  Bonanxa  copper  mine,  Latouche  Island,  Alaska:  Eoon.  Qeolofy,  toL  4, 1908^ 
p.  212. 

*  Wright,  C.  W.,  and  Paige,  Sidney,  Copper  deposits  on  Kasaan  Peninsula,  Pxinoe  of  Wales  Island:  Bofl. 
U.S.  Oeol.  Survey  No.  346, 1906,  p.  96.  Wijg^t,  F.E.  and  C.W.,TteKetohlkan  and  Wrancell  mining  dls- 
tiiots,  Alaska:  BnU.  U.  8.  QeeL  Survey  No.  M7, 1906. 
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Surface  oxidfttion  ham  pioduce4  conodezable  limonite  and  aome  nudadiite  and 
azurite;  nnall  particles  of  native  copper  also  occur  along  slipping  planes.  These 
secondary   minerals   are   relatively   unimpoitant.^ 

It  appears  from  descriptions  of  the  various  mines  by  Wright  and 
Paige  that  pyrrhotite  and  ssinc  blende  are  lacking  or  very  subordinate 
in  these  deposits.  Pyrrhotite  occurs  in  two  of  the  prospects  and  in 
one  of  these  ssinc  blende  is  present  in  considerable  amoimt.  Chalcocite 
enrichment  is  practically  absent,  though  some  was  noted  on  the  Gk)odro 
claims  200  feet  below  the  surface.  In  the  short  time  since  the 
glacial  epoch  the  pyrite  and  chalcopyrite  have  precipitated  practi- 
cally no  secondary  copper,  though  some  oxidation  has  taken  place 
and  in  a  mine  at  Copper  Mountain  carbonates  were  noted  300  feet 
below  the  surface.' 

BONANZA  MINB,  OHXTINA  COPPER  BELT,  ALASKA. 

The  Chitina  copper  belt,  Alaska,*  is  an  area  of  greenstone,  mainly 
diabase,  which  is  overlain  by  Triassic  limestones.  Above  the  lime- 
stones are  later  sedimentary  rocks.  The  various  rocks  are  cut  by 
porphyries,  diorites,  and  gabbros.  Andesite  and  other  volcanic  rocks, 
probably  of  Tertiary  age,  are  also  present.  The  country  is  rugged  and 
the  region  of  the  deposits  has  been  deeply  eroded.  The  principal  deposit 
is  a  rudely  tabular  mass  of  nearly  pure  chalcocite,  which  occurs  in  a  frac- 
tured or  fissured  zone  in  the  limestone  just  above  the  contact  with 
greenstone.  The  very  rich  ore  can  be  traced  on  the  surface  for  about 
250  feet.  The  deposit  carries  more  than  60  per  cent  copper  and  22 
ounces  silver  to  the  ton  and  is  estimated  to  contain  over  100,000,000 
pounds  of  copper.*  The  thickness  is  indefinite,  but  the  very  rich  ore, 
with  its  included  limestone,  as  seen  at  the  surface,  has  a  width  of 
approximately  25  feet,  although  the  thickness  of  ore  sufficiently  rich 
to  be  mined  may  be  greater.  Below  the  deposit  a  little  chalcocite  and 
lees  bomite  are  found  in  some  of  the  shearing  planes  in  the  greenstone 
but  do  not  extend  far  into  the  greenstone.  The  quantity  of  each  is 
small  and  the  minerals  are  inconspicuous  and  might  readily  pass  un- 
observed. A  small  amount  of  epidote  is  in  places  associated  with 
the  chalcocite.* 

Though  it  extends  to  the  very  surface  and  accumulates  in  talus  from 
the  cliff,  the  chalcocite  ore  has  no  great  vertical  range.  Owing  to  the 
rapid  mechanical  disintegration  and  the  cold  climate  little  or  no 
gossan  is  developed.  Open  cavities  in  the  fractured  limestone  have 
been  filled  with  ice,  and  both  the  coimtry  rock  and  the  talus  on  either 

I  Wright,  C.  W.,  and  PtiflB,  Sldnesr,  op.  dt.,  p.  106. 

> Wright,  C.  W.,  Profptotiiig  In  the  North  (dlaooarion):  Min.  Mag.,  vol.  4, 1911,  p.  359. 
•  Moffit,  F.  H.,  and  Maddred,  A.  O.,  lilnarml  reaooroes  of  the  KotsinapChitliia  region,  Alaska:  Bon.  U.  & 
OeoL  Sorrey  No.  874, 1900,  p.  80. 
*QnUm,  L.  C,  Mineral  Beaonraei  U.  8.  for  1907,  pt.  1,  U.  8.  Qeol.  Surrey,  1906,  p.  692. 
•Meat,  F.  H.,  and  Maddnn,  A.  a.,  op.  dt.,  p.  n. 
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side  of  this  ridge  are  frozen  all  summer  except  for  a  few  feet  at  the 
surface.  No  chalcopyrite  and  pyrite  are  recognized  in  the  chal- 
cocite  ore.  There  is  no  evidence  that  either  of  these  minerals  was  re- 
placed, but  immediately  below  the  contact  in  the  same  shear  zone 
bomite,  chalcocite,  and  native  copper  are  present  in  small  amounts.' 

It  seems  most  unlikely  that  pyrite  and  chalcopyrite  would  be  so 
completely  replaced  as  to  leave  no  vestige  of  the  original  mineral. 
Organic  matter,  especially  if  supplying  hydrogen  sulphide,  could 
precipitate  the  copper  as  chalcocite,  and  the  character  and  purity  of 
the  glance  suggests  a  genesis  somewhat  similar  to  that  of  the  copper 
glance  deposits  of  Cashin,  Ck)lo.,  or  the  replacements  of  coaly  material 
in  many  prospects  in  the  West.* 

In  this  connection  the  following  statement  of  Moffit  and  Maddren' 
is  suggestive:  The  limestone  **is  found  to  have  a  blue  color,  which  is 
indicative  of  considerable  carbonaceous  material  in  its  composition.'' 
Although  Moffit  and  Maddren  only  state  alternate  hypotheses  as  to 
the  mode  of  deposition  of  the  ore,  in  their  discussion  of  the  subject 
they  seem  clearly  to  favor  the  one  which  suggests  the  agency  of  cold 
waters.  A  possible  source  of  the  copper  is  the  greenstone  upon  which 
the  Ihnestone  rests.  This  formation  is  mainly  diabase  and  at  many 
places  it  carries  a  little  copper. 

MOTHER  LODE  DISTBIOT,  GALIPOBNIA. 

The  Mother  Lode  district,  California,  as  described  by  Ransome,*  is 
an  area  of  crystalline  schists  and  altered  igneous  rocks  with  intruded 
granodiorite  and  related  rocks.  The  deposits  are  fissure  veins,  which 
generally  trend  northwestward  and  at  many  places  paraUel  the 
schistosity  of  the  country  rock.  I  have  no  record  that  the  ores  con- 
tain manganese  minerals.  .  Placers  are  abundantly  developed,  and 
at  many  places  ricli  ore  is  found  at  the  very  surface.  According  to 
Ransome,  there  is  no  evidence  that  the  mines  grow  suddenly  richer 
at  any  particular  depth,  nor  is  there  any  recognizable  regular  change 
in  the  value  of  pay  shoots  with  depth  below  the  zone  of  superficial 
weathering.  Some  of  these  deposits  are  very  regular  and  uniform 
in  value  and  have  been  developed  to  very  great  depths. 

NEVADA  CITY  AND  OBASS  VALLEY,  CALIFORNIA. 

The  area  of  Nevada  City  and  Grass  VaUey,  Cal.,*  includes  metamor- 
phosed Carboniferous  sedimentary  rocks,  compressed  into  isoclines, 
and  associated  igneous  rocks  less  intensely  metamorphosed.     Above 

1  Mofllt,  F.  H.,  and  Maddren,  A.  O.,  op.  cit.,  p.  53. 

>  Lindgren,  Waldemar,  Copper,  silver,  lead,  vanadium,  and  uranium  ores  in  sandstone  and  shale:  Econ. 
Geology,  vol.  6, 1911,  p.  668. 

>  Moffit,  F.  H.,  and  Maddren,  A.  G.,  op.  dt.,  p.  25. 

« Ransome,  F.  L.,  Mother  Lode  district  folio  (No.  63),  Geol.  Atlas  U.  8.,  U  8.  Geo!.  Surrey,  1900,  p.  S. 
*  Lhidgren,  Waldemar,  The  gold-quarts  veins  of  Nevada  City  and  Qnm  Valley  dbtrlots.  Oslttorais: 
flcventwnth  Ann.  Kept.  U.  8.  Geol.  Survey,  pt.  2, 1806,  pp.  1-203. 


BBVIBW   OF   MINING  DISTRICTS.  217 

these  are  slates  with  associated  diabase  and  serpentine.  These  rocks 
are  folded  and  metamorphosed  but  are  not  so  intensely  compressed 
as  the  Carboniferous.  Intruded  into  these  rocks  are  great  bodies 
of  granodiorite,  probably  of  early  Cretaceous  age.  The  ore  deposits 
are  strong  fissure  veins,  formed  after  the  granodiorite  intrusions. 
The  minerals  are  quartz,  chalcedony,  magnetite,  sericite,  mariposite, 
pyrite,  pyrrhotite,  chalcopyrite,  galena,  blende,  scheelite,  arseno- 
pyrite,  tetrahedrite,  stephanite,  and  cinnabar.  Some  earthy  man- 
ganese ore  occurs  in  small  fissures  in  the  granodiorite  but  not  in 
connection  with  the  quartz  veins. 

Near  the  surface  *  the  upper  part  of  a  vein  is  generally  decom- 
posed, forming  a  mass  of  limonite  and  quartz.  The  decomposition 
seldom  extends  more  than  200  feet  on  the  incline  of  a  vein  dipping 
45°,  or  more  than  150  feet  below  the  surface.  Fresh  ore  is  found  in 
places  almost  at  the  surface.  The  surface  ore  is  generally  richer 
than  the  fresh  ore  below,  owing  to  the  liberation  of  gold  from  the 
sulphides  and  the  removal  of  substances  other  than  gold.  In  this 
process  silver  also  is  partly  removed.  In  some  of  the  mines  the 
lodes  have  been  followed  down  the  dip  for  2,000  or  even  3,000  feet. 
The  unoxicUzed  ore  shows  no  gradual  diminution  of  tenor  in  the  pay 
shoots  below  the  zone  of  surface  decomposition.  Within  the  same 
shoot  there  may  be  great  variations  of  the  tenor,  but  there  is  cer- 
tainly no  gradual  decrease  of  it  from  the  surface  down.  Important 
placer  deposits  were  formed  from  these  veins. 

OPHEB,  CALIFOBNIA. 

The  rocks  of  the  Ophir  district,  California,*  comprise  amphibolite 
schists  and  massive  amphibolites,  with  intrusions  of  granodiorite. 
These  rocks  are  cut  by  quartz  veins  which  fill  coordinate  fissures.  The 
minerals  are  gold,  electrum,  some  iron,  copper  and  arsenical  pyrites, 
with  galena,  zinc  blende,  tetrahedrite,  and  molybdenite.  The  gangue 
is  mainly  quartz,  witli  a  little  calcite.  The  proportion  of  gold  to  silver 
varies  by  weight  from  1:1  to  1:10,  the  gold  predominating  in  value. 
Certain  small  ore  shoots  in  veins  in  the  amphibolite  carry  more  than 
the  usual  tenor  of  gold,  and  the  richest  shoots  are  usually  found 
where  veins  cross  the  belts  rich  in  pyrite.  According  to  Lindgren, 
such  ore  bodies  may  have  been  enriched  by  thermal  waters  concen- 
trating gold  from  the  pyrite  in  the  iron  belt.  The  common  state- 
ment that  the  gold  vein  becomes  barren  as  the  depth  from  the  sur- 
face increases  is  not  justified,  in  his  opinion,*  by  the  evidence  aflForded 
in  the  mines.     The  extensive  development  of  placers,  the  value  of 

1  Lindgren,  Waldemar,  The  gold-quarts  veins  of  Nevada  City  and  Grass  Valley  districts,  California: 
Seventeenth  Ann.  Rept.  U.  S.  Oeol.  Survey,  pt.  2, 1896,  p.  183^ 

s  Lindgren,  Waldemar,  The  gold-iUver  veins  of  Ophir,  CaL:  Fourteenth  Ann.  Rept.  U.  8.  Oeol.  Survey, 
pt.  2, 1894,  p.  2fi2. 

•Idem,  p.  270. 
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the  ore  near  the  surface,  and  the  occurrence  of  valuable  ore  shoots 
just  below  the  surface  are  opposed  to  the  notion  of  extensive  migra- 
tion of  gold  in  these  deposits. 

SILVBB  PEAB;  NEVADA. 

According  to  Spurr/  the  deposits  of  Silver  Peak,  Nev.,  are  len- 
ticular masses  and  fissure  veins  in  Paleozoic  sedimentary  rocks. 
Genetically  they  are  related  very  closely  to  granitic  rocks  which, 
as  shown  by  Spurr,  have  alaskitic  or  pegmatitic  phases.  They  are 
probably  post-Jurassic  and  should  be  grouped  with  the  California 
gold  veins,  with  which  geologically  they  have  much  in  conmion. 
Concerning  the  Drinkwater  and  Crowning  Glory  deposits,  which  are 
the  most  important  examples,  Spun*  says  that  no  decided  enrich- 
ment of  the  ores  by  oxidation  can  be  established.  The  ores  in  the 
upper  tunnel  seem  to  have  been  locally  richer  than  any  found  in  the 
lower  tunnel,  but  this  difference  has  no  evident  relation  to  the 
surface  and  is  probably  original.  The  values  occur  as  finely  dis- 
seminated gold  and  auriferous  sulphides.     Placers  are  not  mentioned. 

BDGBXONT,  NEVADA. 

The  gold  deposits  at  Edgemont,  Elko  Coimty,  Nev.,'  are  in  an 
area  of  quartzite,  with  intrusions  of  granodiorite.  The  deposits  are 
fissure  veins  and  their  gold  values  are  comparatively  uniform.  The 
ore  consists  of  pyrite,  galena,  and  arsenopyrite  in  a  gangue  of  quartz. 
Copper  carbonates  and  manganese  minerals  are  rare  or  absent.  The 
ore  is  stoped  practically  to  the  surface.  There  has  probably  been  a 
slight  amount  of  enrichment  by  removal  of  certain  substances  in 
the  oxidized  zone  more  rapidly  than  gold;  there  is  no  evidence  that 
gold  has  been  transferred  below  the  water  level  by  descending  surface 
waters. 

DOUGLAS  ISLAND,  ALASKA. 

At  the  Treadwell  mines,  Douglas  Island,  Alaska,  large  dikes  of  albite 
diorite  intrude  greenstones  and  schist,  and  the  shattered  diorite  has 
been  extensively  replaced  by  mineralizing  solutions  and  cemented 
by  low-grade  gold  ore.  The  minerals  include  quartz,  albite,  rutile, 
chlorite,  epidote,  calcite,  siderite,  pyrite,  pyrrhotite,  magnetite, 
chalcopyrite,  and  molybdenite.    Manganese  minerals  are  not  reported. 

The  mines  have  been  developed  for  2 ,000  fee t  down  the  dip .  Accord- 
ing to  Spencer,'  the  ore  shows  no  progressive  change  in  appearance 
or  value  with  increasing  depth.    In  the  lowest  level  it  is  quite  as 

1  Spurr,  J.  E.,  On  depoilts  of  tlM  Sflvw  Peak  quadniicle,  Neyadm:  Prof.  Pap«r  U.  8.  Oeol.  Surrey 
No.  66, 1906. 

t  Emmoos,  W.  H.,  A  raoonnaliwnoe  of  some  mlninc  campe  In  Elko,  Lander,  and  Eoreika  ooantias,  N«t.: 
BnU.  U.  8.  GeoL  Sanrey  No.  408, 1010,  pp.  76-80. 

•Spnoer,  A.  C,  The  Jnnaao  gold  Mt,  Alaika:  BnU.  U.  S.  QaoL  Bumj  Na  287, 1908,  ppw  82, 118. 
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rich  as  in  the  upper  workings,  and  it  is  evident  that  changes  on  the 
dip  are  no  greater  than  along  the  strike.  The  best  level  of  the 
Alaska  Tread  well  mine,  according  to  Hershey,^  is  1,300  feet  below 
sea  level.  Nothing  in  the  character  of  the  ore  indicates  any  important 
concentration  of  values  by  oxidizing  waters.  The  fact  that  extensive 
placers  were  not  formed  is  not  opposed  to  the  view  expressed  by 
Spencer  that  the  gold  has  not  been  transferred;  the  country  has  been 
recently  glaciated  and  surface  accumulations  have  been  scattered. 
The  gold  accumulated  at  the  apex  since  glacial  time  was,  indeed, 
recovered  by  sluicing. 

BBBNEBS  BAT  BBGION,  ATiAfflTA, 

The  Bemers  Bay  region  lies  along  the  Lynn  Canal,  45  miles  north- 
west of  Juneau,  Alaska.  The  country  is  an  area  of  slates  and  gray- 
wackes  of  Jurassic  or  Cretaceous  age  and  basic  lavas  and  quartz 
diorites  considerably  altered  by  dynamic  metamorphism.  The 
Jualin  diorite,  intruding  the  sediments  and  lavas,  is  also  later  than 
the  metamorphosed  quartz  diorite.' 

The  gold  deposits,  which  are  mainly  in  the  Jualin  diorite,  are 
stockworks  and  fissure  veins.  The  ores  are  composed  of  quartz, 
some  calcite  and  pyrite,  and  minor  amounts  of  chalcopyrite,  galena, 
and  sphalerite.  The  alteration  of  the  wall  rock  was  attended  by  the 
production  of  albite.    Evidence  of  enrichment  is  lacking. 

Knopf  says: 

Any  enriched  surface  ores  that  may  have  existed  within  this  region  have  been 
swept  away  by  the  powerful  glacial  erosion  to  which  the  region  was  subjected  in  the 
recent  geologic  past.  The  ores  exposed  at  the  surface  are  therefore  of  primary  origin, 
modified  to  an  unimportant  extent  by  postglacial  oxidation,  and  the  outcrop  of  any 
ore  deposit  will  furnish  a  true  index  of  the  value  of  the  lode  as  a  whole,  depending 
on  whether  the  distribution  of  values  in  the  ore  is  or  is  not  uniform. 

BLACK  HILLS,  SOITTH  DAKOTA. 

The  principal  gold  deposits  of  the  Black  HiUs  *  are  in  pre-Cambrian 
schists  which,  like  the  ore  bodies,  are  cut  by  Tertiary  intrusives. 
Since  the  Cambrian  conglomerates  contain  placer  gold,*  some  of  the 
ores  must  have  been  deposited  in  pre-Cambrian  time.  The  most 
important  deposits  are  comprised  in  the  Homestake  belt,  about  3 
miles  long  and  2,000  feet  wide.    The  principal  minerals  are  quartz, 

1  Henhey,  O.  H.,  Geology  at  TreadweU  mines:  Min.  and  Sd.  Press,  vol.  102, 1911,  pp.  396-300,  334-335; 
also  in  Bain,  H.  F.  (ed.).  Types  of  ore  deposits,  San  Frandaco,  1911,  pp.  157-171. 
t  Knopf,  Adolph,  Geology  of  the  Bemers  Bay  region,  Alaska:  Bull.  U.  8.  Oeol.  Survey  No.  446, 1911. 
■Idem,  p.  36. 

*  Irving,  J.  D.,  Economic  resources  of  the  northern  Black  Hills:  Prof.  Paper  U.  S.  Oeol.  Survey  No.  26^ 
1904. 

•  Deveijenz,  W.  B.,  The  occurrence  of  gold  in  the  Potsdam  fonnation,  Black  HUta,  8.  Dakj  Trans.  Am. 
Inst  Min.  Eng.,  vol.  10,  IStt,  p.  460. 
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dolomite,  caldtey  pyrite,  arsenopyrite,  pyrrhotite,^  and  gold,  with 
which  are  associated  the  minerals  of  the  schist — quartz,  orthodase, 
hornblende,  biotite,  garnet,  tremolite,  actinolite,  titanite,  and 
graphite.'  The  ores,  though  imiformly  of  low  grade,  are  very  profit- 
able. Some  of  the  ores  at  the  surface  were  below  the  average  tenor, 
while  other  surface  ores  were  two  or  three  times  as  rich  as  the  average. 
The  valuable  minerals  extend  downward  as  far  as  exploration  has 
gone  and  are  fairly  uniform  to  1,000  feet  or  more  below  the  surface. 
In  general,  according  to  S.  F.  Emmons,'  enrichment  by  surface 
leaching  has  had  relatively  small  importance. 

HEDLBT  DI8TBI0T,  BBTTISE  COLXTMBIA. 

The  Hedley  district,  British  Columbia,  is  in  the  valley  of  Simil- 
kameen  River,  some  30  miles  north  of  the  international  boundary. 
The  principal  deposits  are  about  5,000  feet  above  sea  level,  and  the 
whole  district  was  covered  with  ice  in  the  glacial  epoch.  The  oldest 
rocks  *  are  of  Paleozoic  age,  probably  Carboniferous,  and  consist  of 
limestones,  quartzites,  and  argiUites,  interbedded  with  which  are 
subaqueous  volcanic  tuffs  and  breccias.  These  are  intruded  by 
Mesozoic  diorite  and  gabbro,  by  Tertiary  granodiorite,  and  by  dikes 
of  aplite,  rhyolite,  and  andesite. 

According  to  Camsell,  the  ore  bodies  are  contact-metamorphic 
deposits,  which  occur  mainly  in  limestone  near  intrusive  diorite  or 
gabbro.  Metamorphism  has  been  greatest  along  contacts  with 
gabbro.'  The  sulphides  carry  abundant  arsenopyrite,  with  pyrrho- 
tite,  chalcopyrite,  pyrite,  and  zinc  blende;  the  gangue  minerals 
include  garnet,  epidote,  tremolite,  diopside,  and  axinite,  with  some 
calcite  and  quartz.  No  manganese  gangue  mineral  is  mentioned  and 
but  small  amounts  are  shown  in  analyses  of  the  igneous  rocks. 

There  is  a  thin  capping  of  iron  oxide,  which  extends  in  general 
some  8  or  10  feet  below  the  surface.  Leaching  is  deeper  in  ores  com- 
posed chiefly  of  pyrrhotite  than  in  ores  composed  mainly  of  arseno- 
pyrite. There  is  no  zone  of  enriched  sulphides;  but  gold,  which  is  the 
principal  metal,  has  been  transported  downward  to  some  extent, 
according  to  Camsell,  resulting  in  an  enrichment  near  the  surface 
and  to  depths  perhaps  several  hundred  feet  below.  In  ore  bodies 
having  a  low  dip  there  is  a  notable  concentration  of  values  along  the 
gabbro  foot  wall. 

1  Sharwood,  W.  J.,  Analyses  of  some  rocks  and  minerals  from  the  Homestake  mine.  Lead,  S.  Dak.:  Eooa. 
Geology,  vol.  6,  1911. 

« Irving,  J.  D.,  op.  cit.,  p.  90. 

s  Idem,  p.  79. 

4  Camsell,  Charles,  The  geology  and  ore  deposits  of  HedJey  mining  district,  British  Cohimbia:  Mem. 
Geol.  Survey  Canada  No.  2, 1910. 

*  Idem,  p.  26. 
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APPALACHIAN  DISTBI0T8. 

The  gold  deposits  of  the  southern  Appalachians  are  among  the 
oldest  gold  deposits  of  the  United  States  and  were  probably  formed/ 
in  the  main,  3  or  4  miles  below  the  surface  at  the  time  of  deposition. 
Many  of  them  are  in  mica  schist  and  other  crystalline  rocks,  and  some 
are  closely  associated  with  granitic  intrusions.  Some  are  cut  by 
diabasic  intrusivcs,  presumably  later  than  the  ore.  The  deposits  have 
yielded  considerable  placer  and  lode  gold.  The  minerals,  according 
to  Graton,^  include  quartz,  sericite,  biotite,  fluorite,  gold,  pyrite, 
galena,  blende,  pyrrhotite,  chalcopyrite,  and  magnetite.  Manganese 
minerals  are  not  mentioned.  In  Becker's  tabulation  of  the  mmerals 
of  the  gold  mines  of  the  southern  Appalachians,  compiled  from  all 
previous  descriptions  and  including  some  mines  not  described  by 
Graton,  pyrolusite  is  mentioned  as  occurring  in  only  three  mines  and 
rhodochrosite  in  one.' 

Few  of  these  deposits  have  been  extensively  explored  in  depth,  and 
data  respecting  the  vertical  distribution  of  the  gold  are  therefore 
meager.  Many  of  them  are  profitable  near  the  surface,  partly  by 
reason  of  the  rotten  condition  of  the  rock,  which  renders  it  more 
easily  worked,  and  partly  because  gold  is  accumulated  or  enriched 
by  the  removal  of  valueless  material.  In  general  there  is,  according 
to  Graton,  very  Uttlo  evidence  for  or  against  the  theory  of  the  migra- 
tion of  gold;  but  such  migration,  if  it  has  taken  place,  has  been 
extremely  slow,  for  areas  which  have  probably  been  exposed  since 
Tertiary  time  show  a  marked  concentration  at  and  near  the  surface. 
Possibly  some  gold  has  been  transferred  to  lower  levels  at  the  Haile 
mine.  South  Carolina,  where,  according  to  Graton,  the  limit  of  profit- 
able mining  is  in  general  less  than  200  feet  below  the  limit  of  complete 
oxidation.  In  this  zone  scales  of  pyrite  and  free  gold  are  found  in 
joint  cracks,  indicating  a  relatively  recent  age.  The  deposits  are  cut 
by  basic  dikes.  Prior  to  Graton's  work  many  thought  that  the 
primary  deposition  of  gold  was  genetically  related  to  the  dikes,*  for 
the  workable  ore  appears  to  be  limited  to  the  area  cut  by  them.  If 
the  basic  dikes  (Uke  most  basic  rocks)  carry  manganese,  it  would 
appear  probable  that  gold  had  been  dissolved  and  the  ore  enriched 
near  the  dikes.  Graton's  tables  show  zinc  blende  in  but  one  mine,  the 
Kings  Mountain  mine,  and  pyrrhotite  in  but  three  others,  the  Haile, 
the  Colossus,  and  the  Asbury  (which  is  not  described).  Both  minerals 
are  in  the  ore  of  the  Daliloncga  district  described  by  Lindgren.*    All 

1  Lindgron,  Waldcmar,  The  gold  deposits  of  Dahlonega,  Oa.:  Bull.  U.  S.  Geol.  Survey  No.  293, 1906,  p.  124. 

*  Graton,  L.  C,  Reconnaissance  of  some  gold  and  tin  deposits  of  the  southern  Appalachians:  Idem,  p.  02. 

*  Becker,  0.  F.,  Reconnaissance  of  the  gold  fields  of  the  southern  Appalachians:  Sixteenth  Ann.  Rept. 
U.  S.  Geol.  Survey,  pt.  3,  1S95,  p.  277. 

*  Maclarcn,  J.  M.,  Gold,  its  geological  occurrence  and  geographical  distribution,  London,  1908,  pp.  67,  SO. 

*  Llndgren,  Waldemar,  op.  cit,  p.  119. 
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these  deposits  had  relatively  rich  ore  near  the  surface  and  in  none 
of  them  did  it  extend  to  great  depths. 

Certain  ore  deposits  of  Alabama  recently  described  by  McCaskey  ^ 
comprise  fissure  veins  in  granite  and  lenticular  bodies  in  schists.  Tlie 
principal  minerals  are  quartz,  pyrite,  and  gold.  Some  garnet  is  foimd 
in  the  vein  quartz  at  Pinetuckey.  Weathering  extends  to  water 
level,  which  Ues  40  to  80  feet  below  the  surface.  The  ores  are  oxidized 
above  this  level  and  are  generally  free  milling,  but  below  this  level 
the  ore  is  not  profitably  amalgamated  so  far  as  explored  in  depth. 
The  ores  are  fairly  regular  in  width  and  values,  and  no  evidences  of 
enrichment  below  the  water  level  are  recorded. 

ANNIB  LAT7BIE  MINB,  TTTAE. 

The  Annie  Laurie  mine,'  175  miles  south  of  Salt  Lake,  Utah,  is  in  an 
area  of  dacite,  rhyolite,  and  rhyolite  tuff  and  probably  belongs  to  the 
later  Tertiary  group.  The  vein  is  poorly  exposed  at  the  sxurface, 
being  largely  covered  by  morainal  material.     Lindgren  says: 

The  quartz  forma  an  almoflt  continuouB  sheet  along  the  vein,  rarely  less  than  3  feet 
in  thickness  and  often  expanding  to  a  width  of  20  feet  or  more.  As  a  rule,  the  walls 
are  poorly  defined  and  slickensides  indicating  motion  are  rare.  In  places  it  contains, 
parallel  to  the  walls,  streaks  of  iron  oxides  and  black,  sooty  manganese  ores.    «    •    • 

The  mine  workings  have  not  penetrated  below  the  zone  of  oxidation,  and  neither 
the  quartz  nor  the  country  rock  seems  to  contain  any  unoxidized  sulphides. 

Jn  the  absence  of  extensive  postmineral  fracturing  one  would 
suppose  that  the  conditions  for  migration  of  gold  were  not  par- 
ticularly favorable.  Since  the  workings  had  not  penetrated  sulphide 
ore  at  the  date  of  Lindgren's  report,  direct  evidence  was  lacking. 

MANHATTAN,  NEVADA. 

The  gold  deposits  at  Manhattan,  Nev.,  although  inclosed  in  schists, 
are  in  an  area  of  Tertiary  volcanic  activity  and  should  be  classed 
with  the  deposits  formed  in  Tertiary  time.  Although  the  schists 
contain  stringers  of  gold  of  uncertain  genesis,  the  principal  deposits 
are  steeply  dipping  lodes  of  quartz  and  calcite,  stained  with  iron  and 
manganese  oxides.  Some  placers  are  developed.  Rich  ore  was  found 
very  near  the  surface,  but  it  was  richer  a  few  feet  below  the  outcrop 
than  at  the  surface.  Some  fracturing  has  taken  place  since  the 
deposits  were  formed.  The  gold  of  many  of  the  pockets  of  rich 
ore  is  intimately  associated  with  iron  and  manganese  oxides.*  Li 
view  of  the  fact  that  the  unaltered  sulphides  had  not  been  encoun- 

1  McCaskey,  H.  D.,  Notes  on  some  gold  deposits  of  Alabama:  Bnll  U.  S.  Geol.  Surrey  No.  340, 1908,  p.  36. 

*  Undgren,  Waldemar,  The  Annie  Laurie  mine,  Piute  County,  Utah:  Bull.  U.  S.  GeoL  Survey  No. 

285. 1906,  pp.  87-90. 

*  Emmons,  W.  H.,  and  Oarrey,  O.  H.,  Notes  tn  the  Manhattan  district:  BulL  U.  8.  G«ol.  Sarvy  Na 

303. 1907,  pp.  87-90. 
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tered  when  the  mines  were  visited,  the  character  of  the  primary  ore 
is  unknown  to  me,  nor  is  it  certain  that  all  the  deposits  have 
decreased  in  value  below  the  oxidized  zone. 

BULLFROG,  NEVADA. 

In  the  Bullfrog  district,  Nevada,*  the  principal  deposits  are  fissure 
veins  in  rhyolite.  The  minerals  include  pyrite,  quartz,  and  manga- 
niferous  calcite.  Enough  manganese  is  present  in  the  calcite  to 
stain  much  of  the  oxidized  ore  chocolate-brown  or  black.  No  placers 
are  developed.  The  outcrops  were  comparatively  poor,  but  good 
ore  was  encountered  within  a  few  feet  of  the  surface,  and  some  of 
the  deposits  were  worked  by  open  cut.  Some  of  the  ore  deposits 
decrease  in  value  below  the  400-foot  level,  where  ore  carrying  less 
than  $5  a  ton  is  encountered.  Since  the  ore  above  this  level  car- 
ried many  times  this  value,  it  appears  that  there  has  been  a  secondary 
concentration  by  surface  waters  and  that  the  rich  ore  is  related  to 
the  present  topographic  surface. 

In  these  ores,  as  in  other  manganiferous  gold  ores  in  calcite  gangue, 
secondary  deposition  of  gold  has  not  been  carried  far  below  the 
surface. 

GOLD  GIBCLE,  NEVADA. 

The  deposits  of  the  Midas  or  Gold  Circle  district,  Nevada,*  are  in 
late  Tertiary  rhyolites.  The  lodes  are  replacement  veins  and  sheeted 
zones  and  carry  considerably  more  gold  than  silver  by  value.  In  the 
oxidized  zone  some  of  the  ore  is  rich,  but  the  sulphides  are  compara- 
tively regular  in  value  and  give  no  evidence  of  extensive  enrich- 
ment. Some  oxidized  ore  shoots  appear  to  have  been  increased 
in  value  by  the  removal  of  substances  more  soluble  than  gold.  The 
minerals  are  chiefly  quartz  and  pyrite.  The  oxidized  zone  contains 
seams  of  very  rich  gold  ore,  composed  of  manganese,  limonite,  kaolin, 
and  soft  hydrous  silica. 

BELAMAB  MINB,  NEVADA. 

The  Delamar  mine,  in  southeast  Nevada,  is  in  quartzite  which  is 
cut  by  acidic  porphyry  dikes.  The  ore  body,  described  by  S.  F.  Em- 
mons,' is  related  to  a  strong  zone  of  fracturing,  which  strikes  with  the 
quartzite  but  dips  about  75*^,  or  nearly  at  right  angles  to  the  dip  of 
the  quartzite.  The  ore  is  in  shoots  or  zones  of  crushed  quartzite. 
The  chief  ore  body,  which  is,  roughly  speaking,  a  long  and  compara- 

1  Raxuome,  F.  L.,  Emmons,  W.  H.,  and  Oairey,  O.  H.,  Geology  and  ore  deposits  of  the  Bullfrog  district, 
Nevada:  BulL  U.  S.  OeoL  Survey  No.  407, 1910. 

s  Emmons,  W  H.,  A  reconnaissance  of  some  mining  camps  in  Elko,  Lander,  and  Eureka  counties,  Nov.: 
Bull.  U.  S.  Oeol.  Survey  No.  408,  1910,  pp.  48-67 

B  Emmons,  S.  F.,  The  Delamar  and  the  Horn  Silver  mints:  Tnoa.  Am.  Inst.  Mln.  Eng.,  voL  31, 1901, 
pp.  05S-075. 
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lively  thin,  nearly  upright  cylinder,  is  divided  into  four  parts  by  a 
dike  of  quartz  porphyry  and  a  more  basic  dike,  which  cross  nearly 
at  right  angles  in  the  ore  body.  The  ore  follows  the  line  of  intersec- 
tion of  the  two  dikes  rather  closely.  The  ore  at  the  bottom  of  the 
mine  consists  of  quartz  and  pyrite,  which  fill  fractures  in  the  altered 
quartz)  te.  Where  the  dikes  cross  in  the  ore  body  the  light-colored 
dike  appears  to  be  continuous,  but  notwithstanding  this  the  line 
of  the  dark  dike  across  the  Hght  one  is  generally  marked  by  a  slight 
stain  of  manganese  dioxide,  which,  as  stated  by  Emmons,  is  character- 
istic of  the  ''black"  dike  and  perhaps  gives  it  that  name. 

Oxidation  extends  as  far  down  as  the  tenth  level.  The  ore  that 
has  been  found  below  that  level  is  too  low  in  grade  to  pay  for  mining. 
The  gold  ore  carries  silver  and  some  copper.  The  tenor  in  gold 
increased  from  the  surface  downward  to  about  the  seventh  level, 
although  the  values  were  not  evenly  distributed.  Some  lots  of  ore 
ran  as  high  as  30  ounces  per  ton,  and  the  richer  parts  of  the  mine 
averaged  from  $30  to  $70  per  ton.  At  the  tenth  level  they  had 
decreased  to  $4  or  $5  per  ton. 

EXPOSED  TBEASUBE  MINE,  CALIFOBNIA. 

The  Exposed  Treasure  mine,*  near  Mohave,  Cal.,  has  produced 
considerable  gold  and  silver.  It  is  in  an  area  of  granitic  rocks  cut 
by  quartz  porphyry  and  capped  by  rhyolite.  The  lodes  are  probably 
Tertiary.  The  Exposed  Treasure  vein  dips  about  45°  E.  and  is  a 
sheeted  brecciated  zone.  Considerable  Assuring  has  taken  place 
since  the  ore  was  deposited. 

The  lodes  are  continuous  and  many  of  them  are  of  great  width, 
some  being  40  feet  and  more  from  wall  to  wall,  but  the  pay  streaks, 
from  4  to  15  feet  in  width,  he  in  well-defined  shoots  and  overlapping 
sheets  or  lenses.  It  is  noteworthy  that  only  those  shoots  or  lenses 
which  now  reach  the  surface  contained  important  quantities  of  cal- 
cite  and  manganese  dioxide. 

The  oxidized  ores  contain  much  manganese  dioxide,  the  concen- 
trates carrying  12  per  cent.  In  the  altered  oxidized  ore  are  kemeb 
of  ore  containing  pyrite,  chalcopyrite,  galena,  and  sphalerito,  and 
these  are  richer  in  the  precious  metals  than  the  altered  friable  ore. 
As  observed  by  De  Kalb — 

The  altered  ore  bore  manifest  signs  of  extensive  leaching,  and  where  it  had  become 
almost  completely  decolorized  by  the  removal  of  iron  the  precioua-metal  contents 
had  nearly  disappeared,  and  such  ore  never  contained  copper  except  in  the  form  of 
chrysocolla. 

The  absence  of  sulphides  in  all  the  [oxidized]  ores,  except  in  the  cherty  skeletons 
and  in  the  undecomposed  kernels  of  hard  ore,  was  very  complete.  The  mill  concen- 
trates (150  into  1)  had  an  average  composition  of  SiOj,  30;  FeO,  37;    *    *    *    and 

1  De  Kalb,  Courtenay,  Geology  of  the  Exposed  Treasure  lode,  Mojave,  Cal.:  Trans.  Am.  InsL  Min. 
Eng.,  vol.  38,  1908,  pp.  310-^19. 
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MnOa,  12  per  cent.  These  concentrates  never  contained  more  than  1.5  per  cent  of 
sulphur.    *    *    ♦ 

In  the  lower  friable  siliceous  ores  the  ratio  of  gold  to  silver  was  as  1  to  12,  while  in 
the  upper  mangano-calcitic  ores  the  ratio  was  as  1  to  72.  Assays  of  gold  scale  and  of 
coarse  gold  panned  out  from  all  parts  of  the  mine  showed  a  remarkably  uniform  alloy 
of  1  part  of  gold  to  0.461  part  of  silver.  The  silver  in  the  upper  portion  of  the  mine 
was  present  almost  wholly  in  the  form  of  silver  chloride. 

On  the  assumption,  from  the  evidence,  that  the  abundance  of  chlorides  would 
prevent  the  leaching  out  of  silver  and  its  reconcentration  below  water  level,  and  that 
the  ferric  and  cupric  sulphates  would  have  abstracted  lazge  quantities  of  the  gold, 
which  would  be  redeposited  lower  down,  together  with  the  copper  in  the  form  of 
secondary  enrichments,  it  was  natural  to  predict  an  ore  below  permanent  water  rich 
in  these  metals  and  relatively  lean  in  silver.  It  would  be  diflBicult  to  conceive  a 
nicer  justification  of  theory  than  that  which  was  afforded  when  development  at  length 
extended  below  water  level.  The  ore  consisted  of  a  hard  bluish-gray  mass  of  original 
chert-cemented  breccia,  recemcnted  by  quartz,  with  partial  replacement  of  the 
granite  and  quartz  porphyry  by  fidUca,  heavily  impr^;nated  with  sulphides,  among 
which  were  considerable  quantities  of  chalcopyrite,  some  bomite,  and  some  covellite. 
The  gold  content  of  the  ore  had  increased  150  per  cent  above  the  average  in  the 
friable  aiUceous  ores  on  the  upper  levels,  and  the  ratio  of  the  gold  to  silver  was  as  1  to  2. 

BODIE,  CALIFORNIA. 

The  deposits  of  Bodie,  Cal.,  are  east  of  the  Sierra,  near  the  State 
liiie.  They  are  not  of  the  California  type  but  are  associated  with 
andesite  and  belong  to  the  late  Tertiary  group  so  extensively  devel- 
oped in  Nevada.  R.  P.  McLaughlin^  has  described  the  most  impor- 
tant mines.  The  lodes  are  fissure  veins  in  andesite.  Nearly  all  strike 
northward  and  are  approximately  parallel.  The  ore  carries  about 
equal  amoimts  of  gold  and  silver.  The  deposits  are  developed  exten- 
sively to  a  depth  of  500  feet  below  the  surface.  One  shaft  is  1,000 
feet,  another  1,200  feet  deep.  Outcrops  of  encouraging  value  are 
rare.  Almost  without  exception  the  veins  have  failed  to  carry 
pay  ore  beyond  500  feet  below  the  surface;  but  above  this  depth 
occur  large,  rich  ore  bodies,  which,  according  to  McLaughlin,  carry 
ore  worth  as  much  as  S400  a  ton.  Faulting  and  displacement  are 
probably  of  later  date  thani  the  period  of  vein  formation.  Some  of 
the  oxidized  ore  carries  manganese  dioxide.  It  is  'Moose  and  clayey 
in  texture  and  carries  some  silver  to  the  exclusion  of  gold." 

LITTLE  BT7BBO  MOUNTAINS,  NEW  MEXICO. 

The  Little  Burro  Mountains,  just  north  of  Tyrone,  N.  Mex.,  consist 
of  pre-Cambrian  granitic  rocks  overlain  by  Cretaceous  sediments  and 
later  eruptive  rocks.  These  are  partly  buried  by  Tertiary  (?)  lavas 
and  intruded  by  rhyolitic  or  trachytic  stocks.'     Some  gold  viens  in 

>  MoLsoghlin,  R.  P.,  Geology  of  the  Bodie  district,  Cal.:  Min.  and  ScL  Press,  vol.  94, 1007,  p.  796. 
*  Paige,  Sidney,  Metalliferous  ore  deixwits  near  the  Burro  Mountains,  Grant  County,  N.  Mex.:  Ball. 
U.  8.  GeoL  Survey  No.  470, 1911,  p.  132. 
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this  region  carry  abundant  manganese  dioxide  and  chlorides,     l^e 
ore  minerals  include  chalcopjrite,  pyrite,  sphalerite,  and  galena.* 
Zinc  blende  is  conspicuous,  and  the  ores  assay  10.2  per  cent  zinc. 
According  to  Paige  * — 

The  Wynian  vein  has  been  worked  over  a  distance  of  about  500  feet  and  not  beknr 
a  depth  of  110  feet.  The  richest  returns  came  from  the  part  above  a  depth  of  40  feet. 
Silver  chloride  and  gold  furnished  the  values  in  these  upper  levels.  Zinc  and  copper 
are  reported  to  have  increased  as  greater  depth  was  attained  and  gold  and  silver  to 
have  fallen  to  |3  to  $5  a  ton.  In  the  upper  portion  of  the  vein  much  of  the  are  is 
reported  to  have  assayed  $200  to  the  ton. 

HABYSVILIiB,  MONTANA. 

Marysyille,  Mont.,  about  18  miles  northwest  of  Helena,  is  in  an 
area  of  pre-Cambrian  sandstones,  shales,  and  limestones  that  are 
intruded  by  quartz  diorite  and  by  later  porphyry  dikes.^  The  deposits 
are  mainly  in  fault  fissures  in  sedimentary  rocks.  Placers  are 
developed.  The  Drumlummon  mine  has  been  developed  for  about 
3,000  feet  horizontally  and  to  a  depth  of  1,600  feet,  but  no  ore  was 
found  below  the  1,000-foot  level. 

According  to  Weed' — 

In  general,  it  may  be  said  that  all  the  veins  of  the  district  carr}*  rich  ores  in  bonanzas 
and  ore  shoots  within  the  first  200  feet  from  the  surface,  but  that  in  depth  the  orea 
rapidly  decrease  in  value  until  the  vein  is  no  longer  workable.  It  may  also  be  said 
that  the  ore  shoots  were  well  defined  and  the  intervening  vein  matter  barren  and 
unworkable.  The  pitch  of  the  ore  shoots  conforms  to  the  usual  habit,  dipping  to  the 
right  when  looking  down  the  dip  of  the  vein.  The  ores  consist  of  sulphides  and 
Bulphantimonides  of  silver,  with  gold  aggregating  60  per  cent  of  the  total  value.  In 
the  upper  levels  the  ore  is  somewhat  oxidized  and  in  the  ore  shoots  of  the  Drum- 
lummon mine  carried  extremely  high  values. 

Mr  Adolph  Knopfs  informs  me  that  the  gangue  in  depth  is 
highly  calcitic  and  that  the  rich  ores  of  native  gold  that  are  found 
at  and  near  the  surface  are  associated  with  abundant  manganese 
oxides. 

ST7HMIT  DISTBIOT,  OOLOBADO. 

The  Sununit  district  is  southwest  of  Alamosa,  Colo.,  near  the  Rio 
Grande-Conejos  county  line.  According  to  R.  C.  Hills,*  the  metal- 
bearing  rocks  are  near  the  middle  of  the  Tertiary  eruptive  series  of 
south  and  southwest  Colorado.  The  associated  rocks  are  andesites, 
trachytes,  rhyolites,  and  other  eruptives;  but,  unlike  the  eruptives 

1  Paige,  Sidney,  Metalliferous  ore  deposits  near  the  Burro  Mountains,  Grant  Coonty,  N.  Max.:  Bull 
V.  8.  OeoL  Survey  Np.  470, 1911,  p.  136. 

^BarreU,  Joseph,  Geology  o  the  MarysvUle  mining  district,  Montana:  Prof.  Paper  U.  8.  Gaol.  Sun 
vey  No.  67, 1907. 

•  Weed,  W.  H.,  Odd  mines  of  the  MarysrlUe  district,  Montana:  Bull.  U.  8.  Geol.  Sorrej  No.  212, 
1908,  p.  70. 

« Oral  oommunicatioa 

»HflIs,  R.  C.  Ore  deposits  of  Summit  district,  Rto  Grande  County,  Colo.:  Pioc  Colorado  6oU  Sqo^ 
vol.  1, 1883,  pp.  ao-a& 
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of  most  Tertiary  districts  in  this  province,  these  rocks  appear  to  have 
been  closely  compressed  and  form  a  series  which,  as  shown  in  Hills's 
sketches,  is  probably  isoclinal.  Some  features  of  the  ore  deposits 
are  puzzling,  but,  whatever  their  genesis,  they  illustrate  very  clearly 
the  theory  of  enrichment — a  fact  which  was  fully  recognized  by  Hills 
as  long  ago  as  1883. 

The  ore  bodies,  so  far  as  exposed,  are  rudely  tabular  and  approxi- 
mately vertical.  The  ore  is  chiefly  quartz  and  pyrite  but  contains 
some  enargito,  galena,  sphalerite,  and  other  minerals. 

Although  Hills  mentions  brown  oxides  at  several  places,  he  does 
not  say  that  they  are  manganiferous.  Raymond^  states  that  the 
oxides  include  those  of  purplish  hue. 

Placers  appear  to  be  of  subordinate  importance.  The  mineralized 
matter  may  be  separated  into  three  divisions — (1)  the  impoverished 
zone  near  the  apex,  (2)  the  zone  of  rich  and  partly  oxidized  ore,  and 
(3)  the  zone  of  low-grade  sulphides.  The  zone  of  impoverishment 
includes  the  outcrops  of  all  but  two  of  the  lodes  and  it  extends 
downward  to  a  depth  of  50  feet  or  more.  The  zone  of  incompletely 
oxidized  ore  extends  to  a  depth  varying  from  a  few  feet  to  300  feet. 
In  this  zone  the  quartz  is  colored  dark  brown  by  oxides  and  the  more 
highly  auriferous  material  is  characterized  by  an  abundance  of  brown 
oxide.  The  gold  in  this  ore  carries  only  about  0.025  silver.  Accord- 
ing to  Hills,  all  the  bonanzas  were  confined  to  this  zone.  In  some 
places  gold  appears  in  disseminated  form,  in  innumerable  small 
grains  so  aggregated  as  to  resemble  a  continuous  sheet  of  metal. 
Locally  the  grains  unite  and  form  flat  nuggets  1  ounce  or  more 
in  weight.  According  to  Hills,  the  occurrence  of  this  richer  material 
is  confined  to  the  immediate  vicinity  of  a  central  channel  which  has 
been  filled  with  earthy  matter,  fragments  of  rock,  and  iron  oxides. 
Some  of  the  rich  seams  of  gold  powder  have  been  introduced  into 
fractures  which  cut  barite.  Below  the  rich  and  partly  oxidized  ore 
the  primary  sulphides  appear  to  have  been  unworkable  under  con- 
ditions then  existing.  There  is,  however,  in  three  mines  a  concentra- 
tion of  silver  at  greater  depth  than  that  of  the  gold  bonanzas.  Hills 
ascribes  the  two  rich  outcropping  ore  bodies,  which  are  exceptional 
in  this  district,  to  intense  kaolinization  on  either  side  of  them, 
causing  the  country  rock  to  be  much  more  readily  eroded  than 
the  extremely  hard  quartz.  This  consequently  remained  con- 
siderably above  the  general  surface,  forming  a  precipitous  ridge 
that  was,  as  he  explains,  protected  from  solution,  which  went  on 
more  vigorously  below,  in  the  places  where  snow  and  water  accumu- 
lated. 

1  Raymond,  R.  W.,  Mines  and  mining  west  of  the  Rocky  Momitains,  vol.  10, 1875,  p.  820. 
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BOHEKIA  XINIHa  DISTBICT,  OREGON. 

The  Bohemia  mining  district  of  Or^on  is  an  area  of  andesitic  lavas 
and  tuffs,  which  are  cut  by  dacite  porphyry  and  probably  by  basalt.^ 
The  deposits  are  fissure  veins  composed  of  sphalerite,  pyrite,  a  little 
galena,  and  very  little  chalcopyrite,  with  a  gangue  of  quartz,  altered 
country  rocks,  and  some  calcite.     According  to  MacDonald  * — 

Some  of  the  veiDB  were  brecciated  aft«r  they  were  filled,  and  as  a  resiilt  oxygenated 
surface  waters  were  able  to  percolate  downward  along  the  fractured  zone.  The  ores 
were  thus  oxidized  and  sulphides  leached  out  to  depths  of  100  to  300  feet,  the 
depth  depending  on  the  degree  of  brccciation  and  the  rate  of  erosion.  The  gold 
occurred  as  threads  and  filaments  included  in  the  pyrite.  The  pyrite  was  leached 
away,  leaving  the  relatively  insoluble  gold  and  some  iron  oxide  occupying  a  part  of  the 
small  cavity  left  in  the  vein  material .  This  process  brought  about  an  association  of  free 
gold  with  iron-stained  spongy  quartz  and  enriched  the  ore  by  leaching  out  the  value- 
less sulphides.  It  also  rendered  the  ore  soft  and  porous,  so  that  it  is  much  more  cheaply 
mined  and  milled  than  the  unaltered  ore. 

Small  local  enrichments  of  free  gold  occur  at  the  junctions  of  fissures,  pyrite  being 
abundant  at  these  junctions,  as  shown  by  the  mass  of  iron  oxide  left.  It  is  probable 
that  the  smaller  particles  of  gold  were  dissolved  from  the  upper  parts  of  the  vein 
*    *    *    and  were  precipitated  by  the  local  masses  of  pyrite  below. 

Some  secondary  sulphides  were  observed,  but  these  are  of  no  commercial  value. 
They  consist  of  pyrite  crystals  deposited  in  cracks  in  primary  pyrite  and  of  very  small 
masses  of  sphalerite  and  galena.  Other  secondary  minerals  noted  "were  calcite  and, 
rarely,  cerusite. 

SAN  JUAN  REGION,  COLORADO. 

The  gold  deposits  of  the  San  Juan  region,  Colorado,  including  those 
near  Telluride,  SUverton,  and  Ouray,  are,  as  shown  by  Ransome,* 
of  varied  character.  They  are  mainly  Tertiary,  probably  middle 
Tertiary,  but  have  nevertheless  undergone  very  extensive  erosion. 
The  region  is  moist,  its  altitude  is  8,000  to  14,000  feet  above  sea  level, 
and  much  of  it  has  been  glaciated.  The  prevailing  rocks  are  volcanic 
tuffs,  breccias,  and  flows  and  intrusive  igneous  rocks  of  intermediate 
or  acidic  composition. 

In  this  elevated  area  the  ground  is  frozen  much  of  the  year,  and 
the  rapid  erosion  is  due  largely  to  mechanical  disintegration.  Secular 
decay  or  oxidation  of  the  ores,  according  to  Ransome,  is  not  as  a  rule 
very  extensive  and  is  at  some  places  negligible.  Purington  has 
pointed  out,  however,  that  the  outcrops  of  the  San  Juan  lodes,  are,  in 
general,  of  lower  grade  than  the  ore  a  few  feet  below  the  surface, 
possibly  by  reason  of  the  migration  of  gold  in  suspension.     Many  of 

1  DiUer,  J.  8.,  The  Bohemia  mining  region  of  western  Oregon:  Twentieth  Ann.  Rept.  U.  8.  Oeol.  Survey, 
pt.  3, 1900,  pp.  7-64.  MacDonald,  D.  F.,  Notes  on  the  Bohemia  "»<"'"£  district,  Oreg.:  BoIL  U.  S.  GeoL 
Survey  No.  380, 1909,  p.  80. 

*  MacDonald,  D.  F.,  op.  cit.,  p.  82. 

"  Ransome,  F.  L.,  A  report  on  the  economic  geology  of  the  Silvertcm  quadrangle,  Colorado:  Bull.  U.  8. 
GeoL  Survey  No.  182, 1901.  Purington,  C.  W.,  Preliminary  report  on  the  mining  Industries  of  the  Telluride 
quadrangle,  Colorado:  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1898,  p.  745.  Purington,  C.  W^ 
Woods,  T.  H.,  and  Doveton,  0.  D.,  The  Camp  Bird  mine,  Ouray,  Cok>.:  Trans.  Am.  Tnst  Min.  Exig.,  vol. 
»,  1903,  pp.  400-^601 
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the  lodes  are  tight  and  do  not  appear  to  offer  favorable  conditions 
for  downward  migration  of  waters.  The  country  is  well  drained  and 
chlorine  is  probably  not  abundant  in  the  mine  waters.  The  condi- 
tions for  deep-seated  enrichment  are  therefore  not  particularly  favor- 
able, although  some  concentration  has  taken  place  locally  by  the  leach- 
ing and  removal  of  the  less  valuable  materials  from  the  ore.  The 
workable  ore  appears  to  be  mainly  of  primary  origin. 

At  some  places  the  gangue  includes  manganiferous  minerals. 
There  is  some  evidence  that  gold  was  transported  to  a  moderate  extent. 
As  Ransome  points  out/  black  oxide  of  manganese  occurs  (in  1901)  in 
the  deepest  workings  in  the  Tomboy  and  Camp  Bird  mines  and 
usually  indicates  good  ore.  These  little  sheets  of  rich,  dark  man- 
ganiferous ore,  which  fill  postmineral  fractures,  Ransome  regards  as 
later  than  the  general  mass  of  the  ore.  It  is  reasonable  to  suppose 
that  they  represent  deposition  from  solutions  which  dissolved  gold  in 
the  upper  portion  of  the  lode,  where  ferric  salts  prevail,  and  which, 
in  the  presence  of  manganese,  were  able  to  transport  their  load  to 
greater  depths,  but  which,  coming  into  contact  with  pyrite,  were 
ultimately  reduced  and  forced  to  give  up  their  gold  when,  through 
the  oxidation  of  pyrite,  ferrous  sulphate  had  been  formed. 

In  the  Yankee  Girl  mine,  between  Silverton  and  Ouray,  the  ores 
down  to  about  200  feet  from  the  surface  were  mainly  silver  and  lead, 
galena  and  pyrite  being  the  principal  minerals.  The  ore  below  this 
zone  is  composed  mainly  of  stromeyerite,  bomite,  chalcocite,  and  some 
gray  copper  and  barite,  yielding  about  30  per  cent  of  copper  and  little 
or  no  lead.  In  depths  below  600  or  700  feet  the  ore  in  this  and 
adjoining  mines  is  said  to  have  gradually  turned  into  a  low-grade 
pyritous  ore,  which  was  of  too  low  grade  to  work  at  a  profit,  so  that 
the  mines  were  closed.  The  ores  in  the  copper-bearing  zone  had 
been  exceptionally  rich,  carrying  several  thousand  ounces  of  silver 
to  the  ton  in  carload  lots.' 

CRIPPLE   CBEEK,  COLORADO. 

The  gold  deposits  of  Cripple  Creek,  Colo.,  are  fissure  veins  and 
replacement  deposits  in  volcanic  breccia,  in  alkali-rich  and  other 
Tertiary  intrusive  rocks,  and  in  granite.  The  fissures,  according  to 
Lindgren  and  Ransome,'  were  formed  at  about  the  time  of  the 
intrusion  of  the  associated  basic  dikes  and  represent  a  late  phase  of 
volcanic  activity.  The  deposits  are  probably  of  middle  or  late 
Tertiary  age  and  were  formed  relatively  near  the  surface  by  hot 
ascending   waters.     Calaverite    is    the   chief   primary    constituent; 

1  Ransome,  F.  L.,  op.  cit.,  p.  101. 

I  Emmons,  8.  F.,  The  secondary  enrichment  of  ore  deposits,  in  PoSopn^,  Franx,  The  genesis  of  ore 
deposits,  1903,  pp.  4S1-452. 

I  Lindgren,  Waldemar,  and  Raniome,  F.  L.,  Geology  and  gold  depotila  of  the  Cripple  Creek  diitriot^ 
Oolondo:  Piof.  Paper  U.  8.  GeoL  Surrey  No-  54, 1906,  pp.  107-108. 
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native  gold  is  rarely  preseat  in  the  unoxidized  ores.  Pyrite  is  widely 
distributed;  tetrahedrite,  stibnite,  sphalerite,  and  molybdenite  are 
sparingly  present.  The  gangue  is  quartz,  fluorite,  adularia,  carbo- 
nates (including  rhodochrosite),  some  sulphates,  and  other  minerals. 
Some  of  the  deposits  were  workable  at  the  surface,  but  the  placers 
formed  are  relatively  unimportant.  Although  rhodochrosite  is 
subordinate  in  amount,  the  highly  fractured  country  rock  contains 
appreciable  manganese  (0.2 i:  per  cent.).  According  to  Lindgren 
and  Ransome,  the  processes  of  oxidation  were  attended  by  the  forma- 
tion of  kaolin,  hydrous  silica,  and  oxides  of  iron  and  manganese. 
Manganese  oxides  are  commonly  present  in  the  oxidized  zone  ^  and, 
according  to  Penrose,  form  nodules  in  the  Pharmacist  and  Summit 
mines.  They  result  from  the  alteration  of  rhodochrosite,  manganif- 
erous  calcite,  or  other  minerals  and  are  generally  distributed  in  the 
oxidized  zone  as  stains  in  cracks  and  fissures^'  During  oxidation 
manganese  is  greatly  concentrated  in  the  seams  of  the  rock.  In 
general,  the  lower  part  of  the  zone  of  oxidation  is  above  water  level 
and  is  usually  less  than  200  feet  below  the  surface.  In  some  places 
silver  has  been  completely  leached  from  the  oxidized  ores.  Horn 
silver  has  not  been  noted. 

Whether  a  slight  enrichment  of  gold  has  taken  place  in  the  oxidized 
zone  is  not  easy  to  demonstrate.  Lindgren  and  Ransome  are  inclined 
to  the  belief  that  the  oxidized  zone  as  a  whole  is  somewhat  richer  than 
the  corresponding  telluride  zone.'  The  trivial  enrichment  in  this 
zone  may  have  resulted  from  the  removal  of  some  constituents  of 
the  primary  ore. 

If  gold  was  dissolved  in  the  Cripple  Creek  deposits  it  was  precipi- 
tated again  at  practically  the  same  horizon,  for  in  these  deposits 
the  zone  in  which  solution  takes  place  is  rich.  The  ground  is  open, 
providing  paths  for  downward-circulating  waters,  but  although  the 
ore-bearing  complex  is  very  pervious  to  water  it  is  surrounded  by 
impervious  rocks.  After  the  volcanic  rocks  had  been  drained  in 
mining  the  flow  of  water  was  comparatively  small.  Lindgren  and 
Ransome  have  compared  the  volcanic  complex  to  a  *' sponge  in  a  cup." 
As  shown  by  them,  the  conditions  were  unfavorable  for  the  circulation 
of  atmospheric  water — a  fact  which  had  an  important  bearing  on 
their  conclusion  that  the  ores  had  been  formed  by  magmatic  waters. 
In  the  absence  of  a  circulation  the  gold  could  not  be  transported. 
A  check  to  this  reasoning  with  respect  to  a  downward  circulation  is  the 
fact  that  in  the  porous,  brocciated  mass,  filled  with  stagnant  water, 
the  oxidation  extended  downward  to  a  depth  generally  less  than  200 
feet,  and  even  in  this  zone  residual  sulphides  are  present.     If  the 

1  Penrose,  R.  A.  F.,  Mining  geology  of  the  Cripple  Creek  district,  Colorado:  Slxteeath  Ann.  R^t.  U.  a 
Geol.  Survey,  pt.  2, 1895,  p.  123. 
*  Lindgren,  Waldemor,  and  Ransome,  F.  L.,  op.  oit,  p.  US. 
Udom,  p.  203 
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solutions  did  not  cany  oxygen  downward  it  would  be  supposed  that 
they  could  not  carry  gold;  and  even  if  the  gold  had  been  dissolved  at 
the  higher  levels,  in  the  absence  of  a  circulation  it  could  not  descend. 
There  is  some  evidence  which  may  be  interpreted  as  an  indication 
that  the  gold  migrated  laterally,  or  possibly  that  it  was  precip- 
itated essentially  in  place  from  cold  solutions.  Richard  Pearce^ 
has  recorded  analyses  of  oxidized  and  unoxidized  ore.  The  material 
for  the  analyses  was  taken  from  a  section  drawn  clear  across  the  two 
different  portions  of  the  specimen.  The  analyses  show  that  the 
oxidized  ore  carries  14.58  ounces  of  gold  per  ton,  or  2.34  ounces  more 
gold  than  the  imoxidized  ore,  and  that  all  the  silver  has  been  leached 
out.  In  ore  so  rich  such  a  concentration  may  result  merely  from 
leaching  out  of  the  substances  other  than  gold;  but,  on  the  other 
hand,  the  analyses  of  the  altered  rock  indicate  that  little  leaching 
of  the  sihcate  minerals  has  taken  place  and  that  the  oxidized  portion 
was  originally  richer  than  the  unoxidized,  or  else  that  some  gold 
had  been  added.  Since  0.27  per  cent  of  manganese  dioxide  is  present 
in  the  oxidized  ore,  while  none  is  reported  in  the  imoxidized  ore, 
it  appears  that  manganese  dioxide  was  added  in  the  process  of 
secondary  alteration,  and  it  is  possible  that  the  same  solutions  added 
gold  and  iron.    J.  W.  Finch '  regards  some  of  the  gold  as  secondary. 

If  the  gold  was  dissolved  in  the  Cripple  Creek  ''sponge,"  it  may 
have  been  precipitated  in  the  stagnant  solutions  where  they  were  in 
contact  with  pyrite.  In  the  absence  of  a  downward  circulation  of 
water  such  lateral  migration  would  be  possible. 

The  results  of  oxidation  processes  are  described  by  Ldndgren  and 
Ransome  '  as  follows : 

Thozx)Ugh  oxidizing  decomposition  will  destroy  the  original  structure  of  this  vein. 
In  sheeted  lodes  with  many  small  parallel  fissures  and  joints  the  latter  may  become 
effaced  and  the  lode  appears  aa  a  homogeneous  brown  soft  mass.  In  other  cases  a 
central  seam  may  be  retained  and  usually  appears  as  a  streak  of  soft,  more  or  less 
impure  kaolin;  in  other  cases  it  may  be  filled  by  white  compact  alunite,  more  rarely 
by  jasperoid  or  opaline  silica.  Crusts  of  comb  quartz,  if  origiDally  present,  lie  included 
in  the  clayey  seams,  but  neither  the  original  fluorite  nor  the  carbonates  are  ordinarily 
preserved.  Very  rich  oxidized  ore  sometimes  fills  the  central  cavities  of  the  lode 
like  a  thick  brown  mud  of  limonite,  kaolin,  and  quartz  sand  and  easily  flows  out 
when  the  vein  is  opened. 

It  should  not  be  inferred,  however,  that  whore  channels  are  lai^e 
and  open  the  rich,  gold-bearing  brown  mud  is  necessarily  a  deposit 
from  solution.  It  may  have  been  carried  down  in  suspension;  for 
similar  rich  mud,  with  2  ounces  of  gold  per  ton,  was  foimd  on  the 

1  Peaioe,  Richard,  Further  notes  on  Cripple  Creek  district:  Proc.  Colorado  Sci.  Soo.  vol.  4, 1806,  pp.  11-16. 
*  Finch,  J.  W.,  The  circulation  of  underground  aqueous  solutions  and  the  deposition  of  lode  ores:  Proo. 
Colorado  Sci.  Soc.,  yol.  7, 1904,  pp.  103-252. 
*Llndgren,  Waldemar,  and  Ransome,  F.  L.,  op.  cit.,  p.  190. 
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floor  of  the  twelfth  level  of  the  Gold  Com  mine,  after  it  had  been 
filled  with  water  and  allowed  to  stand. 

It  thus  appears  that  the  conditions  at  Cripple  Creek,  which  are 
somewhat  puzzling,  may  be  rationally  explained  if  it  is  noted 
that  the  downward  migration  of  gold  requires  not  only  solution  and 
precipitation  but  also  circulation,  and  that  the  conditions  for  circu- 
lation here  were  peculiarly  unfavorable.  The  facts  jshow  also  that 
a  relatively  rapid  circulation  is  required  to  ca^ny  dissolved  gold  far 
below  the  zone  of  mixed  oxides  and  sulphides. 

GEORGETOWN  QUADRANGLE,  COLORADO. 

The  auriferous  deposits  of  the  Georgetown  quadrangle,  Colorado, 
are  mainly  at  Idaho  Springs  and  in  the  Empire  district,  although 
some  are  developed  near  Georgetown,  in  the  area  of  the  silver-lead  de- 
posits. As  shown  by  Spurr  and  Garrey,*  the  gold  lodes  are  probably 
of  later  age  than  the  silver-lead  deposits.  They  cut  the  crystalline 
schists  and  the  Tertiary  porphyries  but  are  genetically  related  to 
alkali-rich  intrusive  rocks  of  middle  or  late  Tertiary  age.  They  cany 
pyiite,  chalcopyrite,  chalcocite,  quartz,  adularia,  and  gold  and 
minor  amounts  of  barite,  fluorite,  telluride,  and  other  minerals. 
Carbonates  of  iron,  magnesium,  lime,  and  manganese  occur  but  are 
relatively  rare.  The  deposits  generally  contain  some  galena  and 
sphalerite.  In  many  of  the  mines  the  ore  averages  1  to  2  ounces  of 
gold  and  20  to  40  oimces  of  silver  per  ton.  The  lodes  are  usually 
oxidized  at  the  surface  and  from  15  to  70  feet  downward.  They 
have  yielded  some  moderately  productive  placers.  In  several  mines- 
the  oxidized  ore  is  much  richer  than  the  average  ore.  Below  the 
zone  of  oxidation  secondary  chalcopyrite  and  chalcocite  prevail  for 
several  hundred  feet  from  the  surface  but  decrease  at  greater  depth. 
There  is  an  important  enrichment  of  gold  and  silver,  coincident  with 
the  occurrence  of  the  copper  minerals.  As  stated  by  Spurr  and 
Garrey ' — 

In  the  mines  mentioned  a  portion  of  the  copper  which  has  contributed  to  the  enrich- 
ment of  the  original  sulphides  has  been  derived  from  the  oxidized  zone,  but  it  eeema 
unlikely  that  this  has  been  the  case  with  the  gold  and  silver,  which,  like  the  enriched 
superficial  portions  of  the  argentiferous  veins,  must  have  been  derived  from  the  overly- 
ing portions  of  the  lodes  which  are  now  eroded.    *    *    * 

On  the  whole,  the  strongest  evidence  of  the  reworking  of  the  ores  by  surface  waters 
is  afforded  by  markedly  cupriferous  ores.  ♦  ♦  *  Apart  from  this,  however,  and 
from  the  probable  partial  concentration  of  galena  near  the  surface  in  some  mines,  the 
evidence  of  rearrangement  of  the  ores  by  descending  waters  is  in  general  not  nearly 
BO  great  as  in  the  Georgetown  district,  and  such  reworking  has  probably  taken  place 
to  a  considerably  less  extent. 


1  Spurr,  J.  E.,  and  Oarrey,  O.  H.,  Economic  geology  ot  the  Qeorgetown  quadrangle,  Colorado:  PnL 
Paper  U.  8.  Gcol.  Survey  No  63,  1908,  pp.  W-101. 
Udam,  p.  14». 
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GOLDFIBLD,  NEVADA. 

The  ledges  of  Ooldfield  are  in  middle  or  late  Tertiary  rocks  and, 
according  to  Ransome,^  were  probably  deposited  within  1,000  feet 
of  the  Tertiary  surface.  Ransome  states  convincingly  the  hypoth- 
esis that  these  deposits  were  formed  by  hot  ascending  solutions 
which  mingled  with  descending  sulphate  water  that  contained 
oxygen  derived  from  the  air.  Although  the  deposits  are  probably 
the  most  remarkable  bonanzas  of  native  gold  ores  carrying  Uttle 
silver  which  have  yet  been  discovered,  it  does  not  appear  that  they 
have  been  very  greatly  enriched  since  they  were  deposited,  for,  as 
remarked  by  Ransome,  it  is  difficult  to  harmonize  the  extent  and 
intensity  of  alunitization  in  the  gold  ores  with  the  hypothesis  that 
the  ores  were  formed  by  the  oxidation  and  enrichment  of  lean  depos- 
its during  erosion.  The  mine  waters  are  rich  in  sulphates  and,  judg- 
ing from  the  geographic  position  of  the  deposits,  probably  carry 
chlorides.  Manganese  dioxide  is  practically  unknown  in  these  ores, 
which  in  this  respect  differ  from  the  ores  at  Tonapah  and  from  a 
great  many  other  Tertiary  deposits  of  the  Great  Basin  province. 
No  workable  placer  deposits  have  been  discovered;  yet,  notwith- 
standing the  fact  that  several  hundred  feet  of  vein  matter  may  have 
been  removed  from  these  deposits  since  they  were  formed,  there  is 
little  reason  to  suppose  that  much  gold  has  migrated  into  the  existing 
bonanzas  from  above.  The  gold  is  very  finely  divided  and  could 
easily  have  been  scattered  if  it  had  been  eroded  with  the  ledges. 
Analyses  of  deposifja  elsewhere  that  were  formed  close  to  the  sur- 
face by  ascending  hot  waters  show  that  few  of  them  carry  much 
gold.  The  zone  of  maximum  deposition  is  lower  down,  for  as  soon 
as  the  ascending  hot  waters  are  contaminated  by  ferrous  sulphate 
from  the  surface  the  gold  they  contain  must  be  precipitated. 

The  evidence  offered  at  Goldfield  is  not  out  of  harmony  with  the 
conclusion  that  in  the  absence  of  manganese  gold  is  not  readily 
transported  in  mine  waters. 

phujpsbubo,  Montana. 

The  Philipsburg  quadrangle  is  an  area  of  sedimentary  rocks  rang- 
ing in  age  from  pre-Cambrian  to  late  Cretaceous,  with  intrusions  of 
granodiorite  and  related  rocks,  probably  belonging  to  the  same 
period  of  intrusion  as  that  of  the  Butte  quartz  monzonite  and  other 
batholiths  in  Montana.  The  most  important  ore  deposits  in  this 
quadrangle  are  those  of  the  Granite-Bimetallic  and  Cable  mines. 

The  Granite-Bimetallic  mine'  is  working  a  strong  fissure  vein  in 
granodiorite,    which  carries   chiefly  silver   but   also   an   important 

>  Ranaome,  F.  L.,  The  geology  and  ore  deposits  of  Goldfield,  Ner.:  Prot  Paper  U.  S.  QwA.  Surrey 
No.  06, 1009,  p.  174. 

s  EmxDoiifl,  W.  H.,  and  CUkins,  F.  C,  Oeotogy  and  ore  deposits  of  the  Ptafllpsbnrg  qoadrangle^ 
Montana;  Prof.  Paper  U.  S.  Qeol.  Survey  No.  78  (in  press). 
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amount  of  gold.  There  is  conclusive  paragenetic  evidence  of  the 
enrichment  of  silver  below  the  water  level,  and  the  rich  silver  ore 
carries  also  more  gold  than  the  low-grade  silver  ore  in  the  bottom 
of  the  mine.  The  outcrop  of  this  deposit  carried  some  silver  but 
very  Uttle  gold,  and  after  the  discovery  the  location  was  allowed 
to  lapse  by  reason  of  the  small  assay  returns  from  the  gossan.  Richer 
ore  with  secondary  cerargyrite,  nativo  silver,  and  ruby  silver  in 
cracks  across  the  older  sulphides  appeared  in  considerable  amount 
200  to  400  feet  below  the  surface  and  extended  to  depths  of  800  or 
900  feet.  The  shoot  of  high-grade  ore,  which  extended  for  about  a  mile 
along  the  strike  of  the  deposit,  followed,  in  a  broad  way,  the  present 
rugged  surface.  The  gangue  is  rich  in  manganese.  No  pyrrhotite 
was  noted,  but  zinc  blende  is  abundant  at  several  places  in  the 
primary  ore  below  the  richer  sulphides.  Some  migration  of  gold 
has  undoubtedly  taken  place.  No  associated  placers  have  been 
developed. 

At  the  Cable  mine^  the  deposits  are  included  in  a  long,  thin  block 
of  limestone,  in  contact  on  either  side  with  quartz  monzonite.  The 
principal  minerals  are  calcite,  quartz,  pyrrhotite,  pyrite,  magnetite, 
and  chalcopyrite,  with  chlorite,  muscovite,  and  other  silicates.  At 
one  or  two  places  small  traces  of  manganese  dioxide  have  been  noted 
In  the  oxidized  ore,  but  it  is  very  much  less  abundant  than  in  the 
deposits  of  the  Granite-BimetaUic  type.  Tins  deposit  yielded  im- 
portant placers.  Good  ore  was  found  at  or  very  near  the  surface 
and,  according  to  the  best  obtainable  data,  the  tenor  increased 
somewhat  for  a  short  distance  below  the  surface.  Some  concentra- 
tion has  taken  place  by  the  removal  of  calcite  and  other  valueless 
material  more  rapidly  than  gold,  but  there  is  no  evidence  of  enrich- 
ment in  gold  below  the  water  table.  The  conditions  indicate  that 
the  gold  has  not  been  extensively  transported  since  the  deposit 
was  formed. 

NEIHAKT.  MONTANA. 

The  NeUiart  district,  Montana,'  is  a  region  of  Archean  granite  and 
pre-Cambrian  quartzite  with  intrusive  diorite  and  porphyry.  The 
deposits  are  silver-bearing  fissure  veins,  which  in  depth  carry  con- 
siderable sphalerite,  pyrite,  and  galena.  Superficial  alteration  is 
not  marked,  and  there  are  no  great  zones  of  carbonates  and  oxidized 
ore.  The  Broadwater  vein  is  partly  oxidized  to  a  depth  of  170  feet 
and  in  pipes  and  fissures  to  even  greater  depths.  Below  the  oxidized 
ore  were  large  bodies  of  secondary  silver  sulphides,  consisting  of 
polybasite,  pyrargyrite,  pearceite,  and  "sooty  sulphide  ores,"  much 

1  Emmons,  W.  H.,  and  Calkins,  F.  C,  Oeology  and  ore  deposits  of  the  Fhilipslyurg  quadrangle,  Moot: 
Prof.  Paper  U.  S.  Geol.  Survey  No.  78  (in  press). 

s  Weed,  W.  H.,  Geology  o(  the  Little  Belt  Moontains,  Montana:  Twentieth  Aim.  RepL  U.  8.  QeoL 
Survey,  pt.  3, 1900,  p.  271. 
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of  this  ore  running  200  to  1,000  ounces  per  ton.  The  rich  silver 
minerals  occur  in  cracks  in  the  primary  ore  or  coat  fragments  of  that 
ore.    Manganese  oxides  abound. 

The  zones  of  impoverishment,  of  enrichment,  and  of  unaltered  primary  sulphides 
recognized  in  the  case  of  the  copper  veins  are  clearly  present  here,  though  the  upper- 
most is  of  limited  extent,  and  the  zones  are  not  so  sharply  or  definitely  separated 
from  one  another  as  they  are  in  copper  deposits,  owing  to  the  later  Assuring  of  the 
vein  filling  allowing  the  secondary  enrichment  to  be  mixed  with  the  unaltered  sul- 
phides. *  *  *  In  the  Neihart  ores  polybasite  seems  to  show  an  alteration  to 
pyraigyrite  and  pyrite,  and  the  former  in  turn  changes  to  native  silver  in  the  upper 

zone.* 

TINTIC  DISTBICT,  T7TAH. 

The  Tintic  district '  is  in  central  Utah,  in  a  mountainous  area 
that  rises  some  8,000  feet  above  the  sea  and  nearly  4,000  feet  above 
the  plains.  The  temperature  is  moderate,  the  climate  is  dry,  and  most 
of  the  streams  that  drain  the  area  disappear  in  the  loose  material  of 
the  desert.  The  area  is  occupied  by  a  thick  series  of  Paleozoic  quartz- 
ites,  slates,  limestones,  and  sandstones,  which  are  overlain  by  Terti- 
ary rhyolite  and  andesite  and  intruded  by  monzonite  and  basalt.  The 
andesite  flows  are  intruded  by  great  masses  of  monzonite  and  by  basalt 
dikes,  and  an  andesite  equivalent  to  the  monzonite  caps  the  rhyolite.' 
These  rocks  are  folded  and  extensively  fractured  and  faulted.  The 
late  history  of  the  region  may  be  briefly  stated  as  follows :  * 

1.  Elevation  of  the  region,  with  folding  of  the  Paleozoic  sedimen- 
tary rocks. 

2.  Erosion,  which  began  with  the  Mesozoic  uplift  and  continued 
into  the  Tertiary,  producing  a  surface  with  greater  relief  than  that 
of  to-day. 

3.  Tertiary  volcanic  activity,  the  earlier  rhyolitic  lava  filling  deep 
canyons,  on  the  slopes  of  which  talus  was  cemented  by  the  lava  and 
the  later  andesite  lava  flows,  largely  rejuvenating  the  deeply  eroded 
mountain  range. 

4.  Fissuring  and  ore  deposition  in  the  more  compact  igneous  and 
sedimentary  rocks. 

5.  Erosion,  by  which  great  masses  of  igneous  rock  have  been 
removed,  with  only  slight  changes  in  the  topography  of  the  lime- 
stone ridges,  which  had  been  buried  by  the  lavas. 

The  ore  deposits  are  (1)  large  fractured  zones  in  sedimentary  rocks, 
chiefly  in  the  limestone;  (2)  fissure  veins  in  igneous  rocks;  and  (3) 
contact-metamorphic  deposits  in  sedimentary  rocks  near  intrusive 
igneous  rocks,  mainly  in  the  limestone  near  monzonite.* 

1  Weed,  W.  H.,  The  enrichment  of  gold  and  silver  veins:  Trans.  Am.  Inst  Min.  Eng.,  vol.  30,  1901, 
P.44A. 

*  Tower,  Q.  W.,  Jr.,  and  Smith,  O.  O.,  Geology  and  mining  industry  oX  the  TinUo  district,  Utah:  NIda- 
teenth  Ann.  Kept  U.  S.  Geol.  Survey,  pt  3, 1899,  pp.  603-707. 

•Idem,  p.  657. 

« Smith,  O.  O.,  wTittea  commonlcation. 

•  Tower,  O.  W.,  Jr.,  and  Smith,  0.  O.,  op.  cit.,  p.  732. 
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In  igneous  rocks  the  water  level  is  encountered  200  to  700  feet 
below  the  surface;  above  this  the  ore  is  almost  completely  oxidized. 
In  limestone  the  water  level  is  much  deeper  and  oxidized  ore  extends 
1,800  feet  or  even  2,000  feet  *  below  the  surface. 

The  primary  ore  minerals  of  the  deposits  include  pyrite,  galena, 
enargite,  chalcopyrite,  and  tennantite.  Sphalerite  is  rare  in  this 
district,'  and  pyrrhotite  is  not  mentioned.  The  gangue  includes 
quartz,  barite,  carbonates,  chalcedony,  and  gypsum.  Oxidation 
products  include  limonite,  hematite,  anglesite,  cerusite,  minium, 
melaconite  (?),  native  sulphur,  jarosite,  copper  carbonates,  cuprite, 
native  copper,  and  a  large  number  of  rare  arsenic  compounds  which 
have  resulted  from  the  decomposition  of  enargite.  Argentite, 
stephanite,  and  native  silver  are  somewhat  rare.  Cerargyrite  is 
more  abundant.  Chalcocite  and  bomite  become  increasingly  abun- 
dant in  the  lower  parts  of  the  oxidized  zone.  Some  quartz  is  clearly 
secondary.' 

The  metals,  named  in  the  order  of  their  importance  up  to  1898,  are 
silver,  lead,  gold,  and  copper.  With  increasing  depth  silver  and  lead 
have  decreased  relatively  and  copper  has  become  more  abundant, 
especially  in  the  Centennial  Eureka  mine.  In  1909  the  yield  of 
copper  was  6,000,000  pounds,  the  district  ranking  in  copper  produc- 
tion the  thirteenth  in  the  United  States.  According  to  Graton,*  sec- 
ondary sulphide  deposition  seems  to  have  played  but  little  part  in 
the  distribution  of  values. 

A  remarkable  feature  of  the  district  is  the  great  depth  at  which 
the  oxidized  ores  are  found.  They  are  deeper,  indeed,  than  the 
submerged  oxidized  ore  at  Bisbee,  Ariz.,  where  the  deep  secondary 
zone  13  related  to  a  pre-Comanche  erosion  surface  rather  than  to 
the  present  one.  At  Tintic,  however,  the  ores  are  probably  early 
Miocene.'  Since  they  were  formed,  great  masses  of  igneous  rocks, 
according  to  Smith,*  have  been  removed  by  erosion. 

GEORGETOWN,  COLORADO  (SILVER  DEPOSITS). 

The  Georgetown  district,  Colorado,  is  a  rugged  area  of  gneisses  and 
schists,  which  are  cut  by  Tertiary  intrusives  of  varied  composition. 
Several  thousand  feet  of  overlying  rocks,  according  to  Spurr,  Garrey, 
and  Ball,^  have  been  eroded  since  the  veins  were  formed.     Some  of 

1  Lindgron,  Waldemar,  oral  communication. 

»Towor,  G.  W.,  jr.,  and  Smith,  O.  O.,  op.  cit,  pp.  686,  703. 

•Idem,  p.  693. 

*  Oraton,  L.  C,  Mineral  Resources  U.  S.  tot  1906,  U.  8.  GeoL  Survey,  1907,  p.  407;  idem  for  1907,  pt  1, 
U.  8.  Geol.  Survey,  1908,  p.  618. 

•  Smith,  O.  O.,  written  communication. 

•  Smith,  O.  O.,  The  mineral  crest,  or  the  hydrostatic  level  attained  by  the  ore^epositin^  sohitioiis  in 
certain  mining  districts  of  the  Great  Salt  Lake  basin  (discussion  of  W.  P.  Jenney's  p^Mr):  Trans.  Am. 
Inst  Min.  Eng.,  vol.  33, 1903,  pp.  1060-1062. 

*  Spurr,  J.  E.,  Garrey,  G.  H.,  and  Ball,  8.  H.,  Economic  geology  of  the  Georgetown  qoKlnuigie,  Col»> 
ndo:  ProL  Paper  U.  8.  GeoL  Survey  No.  63, 1906,  p.  Itf. 
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the  valuable  minerals  of  the  eroded  portions  have  been  redeposited 
in  the  portions  remaining. 

The  zone  of  complete  oxidation  is  5  feet  to  40  feet  deep.  In  the 
silver-lead  deposits  the  nunerals  on  the  lower  levels  are  chiefly  zinc 
blende  and  galena,  with  pyrite,  chalcopyrite,  and  a  Httle  silver  and 
gold.  Rich  soft  sulphides  are  found,  especially  along  cracks  and 
watercourses,  and  are  of  secondary  origin,  having  evidently  been  con- 
centrated from  the  leaner  ore  by  descending  waters.  They  occur  down 
to  considerable  depths  from  the  surface  but  in  decreasing  quantity. 
The  older  and  typically  more  massive  ores  in  which  they  have  formed 
contain  usually  very  much  less  silver  and  also  less  gold.  For  example, 
secondary  sulphides  which  contain  200  to  300  ounces  of  silver  have 
been  formed  by  this  concentration  process  from  primary  ore  which 
carries  only  20  to  30  oimces. 

Below  the  zone  where  soft  secondary  sulphides  occur  and  irregularly  overlapping 
the  lower  portion  of  this  zone  the  rich  ores  contain  polybasite,  argentiferous  tetra- 
hedrite,  and  ruby  silver,  better  crystallized  and  more  massive  than  the  pulverulent 
sulphides  but  also  subsequent  in  origin  to  the  massive  galena-blende  ore.  These 
richer  ores  diminish  in  quantity  as  depth  increases,  though  gradually  and  irregularly, 
so  that  the  lower  portion  of  the  veins  contains  relatively  less  silver  and  lead.  The 
best  ore  in  most  veins  has  been  found  in  the  uppermost  500  feet,  although  good  ore 
extends  locally  down  to  700  or  800  feet,  and  in  the  Colorado  Central  and  to  a  minor 
extent  in  other  veins  down  to  a  thousand  feet  or  more.^ 

BBECEBNBEDOE,  COLORADO. 

The  fundamental  rocks  in  the  Breckenridge  region,  Colorado,  as 
stated  bj  Ransome,'  are  granites,  pegmatites,  gneisses,  and  schists  of 
pre-Cambrian  age.  The  oldest  sedimentary  rocks,  which  rest  directly 
on  the  pre-Cambrian,  are  red  sandstones  and  shales,  supposed  to  be 
of  Triassic  or  of  Permian  age.  Apparently  conformable  above  them 
is  the  Dakota  quartzite  with  some  gray  shale,  which  is  overlain  by  a 
thick  formation  of  Upper  Cretaceous  shales.  The  sediments  and  the 
pre-Cambrian  rocks  are  intruded  by  monzonitic  porphyries,  which 
occur  mainly  as  sills. 

The  primary  deposits,  according  to  Ransome,  include  veins  of  a 
zinc-lead-silver-gold  series,  stockworks  and  veins  of  a  gold-silver-lead 
series,  and  the  gold  veins  of  Famcomb  Hill.  The  placera  of  the 
district  have  been  important  producers  of  gold. 

The  Wellington  veins  afford  the  chief  examples  of  the  zmc-lead- 
silver-gold  series,  the  filling  of  which  consists  mainly  of  sulphides, 
quartz  in  notable  quantity  being  absent  from  most  of  them.  In  the 
Wellington  mine  the  principal  constituents  of  the  ore  are  galena, 
sphalerite,  and  pyrite  in  various  proportions.    Even  along  the  out- 

>  Sporr,  J.  E.,  Oarrey,  0.  H.,  and  Ball,  8.  H.,  Eoonomio  geology  of  the  Georgetown  qoadrangle,  Colo- 
isdo:  Prof.  Paper  U.  S.  Geol.  Survey  No.  68,  1908,  p.  144. 

"Ransomfl,  F.  L.,  Geology  and  ore  deposits  of  the  Breckenridge  district,  Colorado:  Piot  Tmptr  U.  & 
0«oL  Snrv^  No.  76,  lOU,  pp.  Sfr-M. 
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crops  of  the  veins  of  the  Wellington  group  most  of  the  deporats  carry 
galena  in  the  claylike  product  resulting  from  thorough  oxidation^  and 
the  change  to  essentially  sulphide  ore  generally  takes  place  at  depths 
of  less  than  300  feet.  The  depth  of  the  oxidized  zone,  however, 
varies,  being  greatest  in  general  near  the  crest  of  the  ridge  in  which 
the  ore  bodies  occur  and  least  along  the  lower  slopes. 

The  nonnal  sequence  from  the  surbce  down  appears  to  be  (1)  a  soft,  heavy  yellow- 
ish claylike  ore  consisting  largely  of  earthy  cenisite  and  containing  reeidual  nodules  of 
galena;  (2)  a  lead-silver  ore  in  which  the  galena  is  only  in  part  oxidized,  while  the 
pyrite  has  been  for  the  most  part  changed  to  limonite  and  the  sphalerite  altered  to 
smithsonite  and  limonite,  with  removal  of  much  of  the  zinc  in  solution;  and  finally 
(3)  a  lead-silver-zinc  ore  in  which  galena  predominates  and  in  which  the  early  stages 
of  oxidation  are  indicated  by  the  formation  of  a  little  spongy  smithsonite,  (n*  "dry 
bone/'  as  the  miners  call  it,  at  the  expense  of  the  zinc  blende.* 

A  notable  feature  of  the  oxidized  ores  is  their  general  high  content 
of  lead  and  silver  as  compared  with  the  sulphides  beneath.  In  some 
mines  this  difference  was  so  great  that  their  owners  after  extracting 
ore  profitably  to  the  base  of  the  oxidized  zone  found  the  sulphides  of  so 
low  a  grade  that  they  abandoned  work.  Here  and  there  the  oxidized 
ores  also  show  a  noteworthy  concentration  of  gold  even  where  the 
sulphide  ores  below  contain  only  negligible  quantities  of  that  metal. 
Thus  in  the  Helen  mine,  on  the  south  side  of  French  Gulch,  some 
gold  ore  was  found  near  the  surface,  although  the  latest  and  deepest 
workings  have  exposed  nothing  but  a  little  sphaleritic  zinc  ore.  In 
the  Juventa  mine,  which  produced  some  good  oxidized  ore  to  a  depth 
of  200  feet  and  was  then  abandoned,  wire  gold  is  said  to  have  been 
foimd. 

It  is  believed  that*  a  large  proportion  of  the  galena  is  the  result  of 
downward  concentration  by  atmospheric  water,  which,  after  perco- 
lating with  comparative  rapidity  through  the  oxidized  zone  to  the 
local  ground-water  level,  thence  moved  more  slowly  down  through 
the  sulphides,  emerging  finally  along  the  bottoms  of  the  main  valleys. 
Although  some  sphalerite  is  younger  than  other  sphalerite,  it  is  not 
surely  a  deposit  of  sulphate  waters.  Iron  is  deposited  as  an  impure 
siderite  in  veinlets  traversing  the  sulphide  ores  or  as  the  lining  of 
vugs  in  these  ores.  Additional  iron  issues  in  springs  after  performing 
its  work  of  enrichment.  Silver,  according  to  Ransome,  generaUy 
keeps  close  to  the  lead,  and  gold  appears  to  accumulate  in  the  zone 
of  oxidation  rather  than  at  greater  depths.  In  general,  profitable 
operations  did  not  extend  below  300  or  350  feet  in  depth. 

The  Farncomb  Hill  veins  immediately  below  the  zone  of  oxidation 
consist  of  pyrite,  chalcopyrite,  sphalerite,  galena,  calcite,  and  gold. 
Some  wire  gold  has  been  found  in  the  unoxidized  vein  material  but 

1  Ransome,  F.  L.,  Geology  and  ore  deposits  of  the  Breckenridge  district,  Colorado:  Prot  Paper  U.  8. 
GeoL  Survey  No.  75, 19U,  p.  134. 
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not  far  below  the  zone  of  general  weathering,  and  the  principal  con- 
centration of  the  native  metal  is  connected  with  oxidation. 
SaysRansome:^ 

Two  intimately  related  proceeses  appear  to  have  been  effective  in  enriching  these 
veins.  These,  in  the  order  of  their  action  at  one  place,  were  (1)  enrichment  by  solu- 
tions depositing  caidte,  galena,  gold,  and  perhaps  sphalerite  below  the  zone  of  oxida- 
tion and  (2)  enrichment  in  the  zone  of  oxidation  by  solution  and  redeposition  of  the 
gold. 

It  is  clear  that  during  the  weathering  of  these  veins  the  gold  was  acted  on  by  some 
very  efficient  solvent,  for  otherwise  it  wcAild  be  impossible  to  accoimt  for  the  large 
crystalline  masses  of  gold  characteristic  of  the  hiU.  These  could  not  have  been 
deposited  in  the  veins  as  part  of  their  original  fillings,  for  they  are  limited  to  the 
oxidized  zone,  and  the  once  very  productive  placers  below  the  hill  show  that  this 
zone  can  not  coincide  with  originally  rich  upper  portions  of  the  veins.  Evidently 
the  original  tops  of  the  veins  have  been  eroded  away  and  their  contained  gold  in  part 
has  been  strewn  along  the  ravines  and  down  the  main  valleys  and  in  part  has  seeped 
down  in  solution  along  the  fissures  and  been  deposited  in  segregated  masses.  Active 
as  solution  must  have  been,  erosion  apparently  was  overtaking  it;  at  least  the  richness 
of  the  placers  proves  that  the  gold  was  not  carried  down  and  redeposited  fast  enough 
to  escape  the  forces  of  mechanical  disintegration. 

Ransome  states  that  a  manganiferous  carbonate  occurs  in  the 
Wire  Patch  mine  of  Famcomb  Hill,  and  sphalerite  from  the  Silver 
vein  showed  some  manganese,  but  some  oxidized  material  from  the 
Reveille  showed  none.  It  is  not  known  whether  the  mine  water 
carried  appreciable  chloride,  but  the  experiments  of  Brokaw  (p.  126) 
indicate  that  under  some  conditions  a  faint  trace  of  chlorine  is  effec- 
tive in  the  solution  of  gold.  In  connection  with  the  abrupt  impover- 
ishment in  depth,  attention  should  be  called  also  to  the  mineral 
association  of  these  ores  and  to  experiments  previously  cited  showing 
the  rapidity  with  which  acid  solutions  are  reduced  by  sphalerite  and 
auriferous  chloride  solutions  are  neutralized  by  calcite.  With  both 
calcite  and  sphalerite  the  conditions  for  rapid  precipitation  of  gold 
are  very  favorable. 

CBEEDE,  COLORADO. 

The  deposits  of  Creede,  Colo.,'  are  strong  fissure  veins  in  rhyo- 
lites  and  rhyolite  breccias.  One  of  them  extends  for  nearly  2  miles 
along  the  strike  and  is  developed  from  1,000  to  1,400  feet  below 
the  surface.  The  rocks  show  great  postmineral  fracturing.  The 
primary  deposits  consist  of  pyrite,  zinc  blende,  galena,  and  other 
minerals  in  a  gangue  of  manganiferous  amethystine  quartz  with 
barite,  chlorite,  and  some  adularia.  The  most  valuable  deposits  of 
silver,  the  most  important  metal  in  this  district,  were  found  200  to 
700  feet  below  the  surface,  but  wire  silver  was  mined  at  depths  below 

1  Raoaome,  F.  L.,  Geology  and  ore  deposits  of  the  Breckenridge  district,  Colorado:  Prof.  Paper  U.  8. 
OeoL  Smrey  No.  76, 1011,  p.  leo. 

a  Emmons,  W.  H.,  and  Larsen,  B.  8.,  A  preliminary  report  on  the  geology  and  ore  dqjMBits  of  Greedy 
Colo.:  BulL  U.  &  Gaol.  Sunr^  No.  680^  1013,  pp^  43-66. 
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1,000  feet.    Some  of  the  richest  silver  ore  is  evidently  secondaiy 
and  consists  of  red  jasper  with  abundant  native  silver. 

Stringers  of  black  manganese  oxide  cutting  unoxidized  sulphide 
ore  extend  downward  to  depths  of  nearly  1,000  feet.  In  the  Happy 
Thought  mine,  on  the  Amethyst  vein,  between  levels  6  and  7,  a  body 
of  partly  oxidized  ore  composed  of  galena,  zinc  blende,  copper  car- 
bonates, cerusite,  and  anglesite  carries  a  conspicuous  amount  of 
manganese  dioxide,  wliich  coats  the  copper  sulphides  and  occurs  in 
fractures  cutting  the  partially  oxidized  ores.  A  considerable  body 
of  this  ore  yielded  S20  a  ton  in  gold,  which  indicates  notable  enrich- 
ment, since  the  average  content  of  gold  in  the  mine  is  about  $2  a  ton. 

BICO,  COLORADO. 

The  rocks  of  Rico,  Colo.,^  include  Paleozoic  limestones,  sandstones, 
and  shales,  which  are  cut  by  dikes  and  laccolithic  sheets  of  monzonite 
porphyry.  The  ore  deposits  include  fissure  veins  and  ribbon-like 
masses,  which  make  out  in  limestone  from  the  fissure  veins  where  the 
latter  cross  the  contact  of  limestone  with  overlying  shale.  In  the 
lower  levels  of  the  mines,  some  200  feet  below  the  "contacts,"  the  ore 
is  mainly  quartz,  pyrite,  and  chalcopyrite.  In  raising  on  the  veins 
rhodocbrosite,  galena,  sphalerite,  and  tetrahedrite  become  prominent. 
Upward,  toward  the  '* contact,*'  the  proportion  of  metallic  minerals 
steadily  increases,  and  the  ore  becomes  much  richer  in  gold  and 
silver.  Irregular  nuggets  and  sheets  of  argentite,  polybasite,  and 
stephanite  are  found.  Occasionally  pyrargyrite,  proustite,  and 
native  silver  appear.  Rhodocbrosite,  on  the  other  hand,  is  almost 
never  found  in  the  zone  inmiediately  below  the  shale,  although  it  h 
abundant  in  the  vein  lower  down. 

LAKE   CITY,  COLORADO. 

The  silver-lead  deposits  of  Lake  City,*  in  southwestern  Colorado, 
are  in  an  area  of  Tertiary  flows  and  tuffs  of  the  Silverton  volcanic 
series,  which  consists  of  andesites,  rhyolites,  latites,  and  basalts. 
These  are  cut  by  intrusions  of  rhyoUte  and  quartz  latite  and  by  quartz 
monzonite  porphyries. 

The  deposits  are  narrow  fissure  veins  and  some  fiOfl  conjugate  fis- 
sures. Their  vertical  range,  according  to  Irving  and  Bancroft,  is 
over  5,000  feet,  and  in  their  lower  levels  the  primary  minerals  are 
chiefly  quartz,  galena,  zinc  blende,  and  pyrite.  The  ores  formed  at 
shallower  depths  include  also  tetrahedrite,  rhodocbrosite,  barite,  and 
jasperoid.     The  mineraUzation  was  probably  effected  by  solutions 

»  Ransome,  F.  L.,  The  ore  deposits  of  the  Rico  Mountains,  Colo.:  Twenty-second  Ann.  Rept.  tJ.  8.  Oeol. 
Survey,  pt.  2, 1901,  pp.  229-398.  Farisb,  J.  B.,  The  ore  deposits  of  Newman  Hill:  Proo.  Colorado  Bd.  Soc. 
vol.  4,  1892,  pp.  lfil-164. 

*  Irving,  J.  D.,  and  Bancroft,  Howland,  Geology  and  ore  deposits  near  Lain  City,  Colo.:  BoO.  U.  & 
G«ol.  Survey  No.  478, 1911. 
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connected  genetically  with  the  quartz  monzonite  intrusion  or  with 
some  closely  related  deeper  rock. 

Many  of  the  lodes  are  greatly  fractured,  and  the  conditions  in  this 
rugged  country  are  favorable  to  deep  circulation.  Erosion  is  rapid, 
however,  and  the  oxidized  zone  is  not  deep,  extending  generally  not 
more  than  100  or  200  feet  below  the  surface.  This  zone  contains  iron 
oxides  and  sulphates,  copper  carbonates,  and  considerable  anglesite, 
with  some  native  copper  and  silver.     Cerusite  is  not  abundant. 

The  secondary  silver  minerals  are  chiefly  pyrargyrite  and  galena 
but  include  some  chalcocite  and  possibly  proustite.  Native  gold, 
though  not  common  in  the  oxidized  ore,  is  present  in  the  upper  part 
of  the  zone  of  sulphide  enrichment.  Of  the  total  production  of  all 
metals  having  a  value  above  $7,000,000,  about  one-sixth  is  gold. 
The  table  showing  the  metal  production  of  the  district  indicates  a 
fairly  constant  proportion  in  the  annual  production  of  gold  and 
silver.  The  abundance  of  sphalerite  in  the  primary  ore  would  seem 
to  favor  relatively  rapid  precipitation  of  the  metals  by  descending 
solutions.  Some  of  the  secondary  ore  shoots,  however,  have  a  wide 
vertical  range,  but  such  a  distribution  of  the  richer  ore  has  been 
greatly  favored  by  the  very  rugged  topography.  At  the  Moro  mine 
the  secondary  sulphides  are  found  nearly  500  feet  vertically  below 
the  surface,  but  the  slope  is  between  30°  and  40°  and  the  circula- 
tion is  presumably  vigorous.  The  reactions  precipitating  the  metals 
seem  to  have  been  relatively  rapid.  As  stated  by  Irving  and  Ban- 
croft/ zinc  blende  has  very  generally  exerted  an  extensive  effect  in 
reprecipitating  the  downward-moving  sulphates  in  the  form  of  secon- 
dary sulphides. 

ASPEN,  COLORADO. 

The  Aspen  district,  Colorado,'  is  an  area  of  granite  overlain  by 
Paleozoic  limestones,  sandstones,  and  shales,  which  are  intruded  by 
dikes  and  sills  of  diorite  porphyry  and  quartz  porphyry.  Struc- 
turally the  district  is  a  fault  mosaic  of  folded  beds  and  the  principal 
ore  deposits  are  replacements  of  limestones  in  and  along  fault  fissures. 
The  primary  ore  deposition  was  effected  by  ascending  magmatic 
waters  and  took  place  in  a  relatively  brief  period,  but  according  to 
Spurr*  it  had  three  successive  stages — (1)  barite  veins,  (2)  silver 
sulphides,  sulphantimonites,  and  sulpharsenites,  (3)  galena  and 
blende — each  stage  being  preceded  by  sUght  fracturing  of  the  rocks. 
The  maximum  deposition  was  below  shale  beds. 

Near  the  surface  the  ores  occur  as  oxides,  sulphates,  and  car- 
bonates,   mixed   with   sulphides,    from   which    they   are   evidently 

'Inrlng,  J.  D.,  and  Bancroft,  Howland,  Geology  and  ore  deposits  near  Lake  City  Cdo.:  Ball.  V.  & 
Geol.  Sanrey  No.  478. 1911,  p.  64. 
s  SpuiT,  J.  E.,  Geology  of  the  Aspen  mining  district,  Colorado:  Mon.  U.  8.  Geol.  Survey,  yol.  31, 1898. 
•  Spurr,  J.  E.,  Ore  deposition  at  Aspen.  Colorado:  Econ.  Geology,  yd.  i,  1909,  p.  303. 
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derived.  The  principal  ore  in  these  upper  zones  consists  of  earthy 
carbonates  and  sulphates,  chiefly  of  lead  (cerusite  and  anglesite). 
Among  the  oxides  hematite  and  Umonite  are  very  common,  and  the 
red  oxides  of  copper  and  lead  (cuprite  and  minium)  occur  in  blotches 
in  the  oxidized  ores,  usually  indicating  the  presence  of  silver.  With 
increase  in  distance  from  the  surface  the  oxides,  sulphates,  and  car- 
bonates disappear  and  give  place  to  pure  sulphides.  Argentiferous 
galena  and  blende  are  abundant  in  the  deeper  ore  and  other  sulphides 
are  of  less  frequent  occurrence.  Pyrite  and  chalcopyrite,  with  occa- 
sional bomite,  are  also  found.  Tetrahedrite  and  tennantite  are 
common  and  contain  a  large  proportion  of  silver  sulphide.  The 
gangue  is  quartz  and  barite. 

In  the  MolUe  Gibson  and  Smuggler  mines  there  is  much  polybasite, 
which  generally  occurs  in  flesh-colored  barite,  the  color  being  due  to 
a  small  amount  of  iron  oxide.  Along  watercourses  the  polybasite  is 
reduced  to  native  silver,  so  that  the  ore  consists  of  pink  and  gray 
barite  bound  together  by  irregular  wires  and  masses  of  silver.  As 
this  process  is  attended  by  some  loss  of  bulk,  the  ore  also  becomes 
much  jointed  and  loses  cohesion. 

Spurr  states  that  native  silver  is  abundant  to  depths  of  at  least  900 
feet  in  deposits  where  the  water  level  stood  about  300  feet.  Gen- 
erally the  native  silver  is  found  near  silver  sulphides  and  in  fractures 
that  are  later  than  primary  mineralization.  Nearly  all  the  larger 
bodies  of  native  silver  are  on  the  side  of  the  vein  which  is  formed  by 
shale  and  some  of  them  are  wholly  within  the  shale  wall. 

LEADVILLE,  COLORADO. 

Leadville,  Colo.,*  is  in  an  area  of  Paleozoic  limestones,  quartzites, 
and  shales  that  are  intruded  by  dikes  and  sills  of  acidic  porphyries. 
Normal  faulting  has  taken  place  on  an  extensive  scale.  The  climate 
is  moist,  the  altitude  high.  The  most  important  deposits  are  foimd 
in  Carboniferous  limestone  at  or  near  its  contact  with  an  overlying 
porphyry,  which  is  generally  the  "White  porphyry."  Thus  the  ores 
constitute  a  sort  of  sheet,  the  upper  surface  of  which,  being  formed 
by  the  base  of  the  porphyry  sheet,  is  comparatively  regular,  while 
the  lower  surface  is  ill  defined  and  irregular,  there  being  a  gradual 
transition  from  ore  to  limestone,  the  ore  extending  to  varying  depths 
below  the  surface,  occupying  in  places  the  entire  thickness  of  the 
Leadville  C'Blue")  limestone.  Other  deposits  include,  however, 
steeply  dipping  veins,  some  of  them  in  fault  fissures,  and  irregular 
masses  or  sheets  in  limestone  near  the  "Gray"  or  other  porphyries. 

The  ore  that  is  most  abundant  and  that  is  economically  by  far  the 
most  important  is  argentiferous  galena  and  its  secondary  products, 

1  Emmons,  S.  F.,  Geology  and  mining  industry  of  Leadville,  Colo.:  Mon.  U.  S.  Oeol.  Survey,  yoI.  12. 188& 
Emmons,  S.  F.,  and  Irving,  J.  D.,  Tlie  Downtown  district  of  Leadville,  Cok>.:  BulL  U.  8.  GeoL  Sunrsy 
No.  320. 1907. 
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cerusite,  or  carbonate  of  lead,  and  cerargyrite,  or  chloride  of  silver. 
Lead  is  also  found  as  anglesite  and  pyromorphite  and  occasionally  as 
oxide  in  the  form  of  litharge  or,  more  rarely,  of  minium.  Silver 
occurs  frequently  as  chloroiodide  and  very  rarely  in  the  native  state. 
The  gangue  minerals  include  quartz,  chert,  barite,  and  clay,  the 
clay  being  frequently  charged  with  iron  and  manganese  oxides  or 
with  sulphates. 

A  common  alteration  product  of  mixed  pyrite  and  galena,  a 
product  that  is  associated  in  considerable  quantity  with  the  ore  bodies, 
is ''  basic  ferric  sulphate,''  an  ocherous  substance  of  somewhat  uniform 
appearance  but  of  varying  composition,  mainly  a  mixture  of  jarosite, 
or  yellow  vitriol,  and  hydrated  basic  ferric  sulphate,  with  more  or  less 
anglesite  and  pyromorphite. 

Gold  occurs  in  the  native  state,  generally  in  extremely  small  flakes 
or  leaflets.  It  is  also  said  to  have  been  foimd  in  the  filiform  state  in 
galena. 

Accessory  minerals  are  zinc  blende,  calamine,  arsenic  (probably  as 
sulphide),  antimony  (probably  as  sulphide),  wulfenite,  copper 
(carbonate  and  siUcate),  and  bismuth  sulphide. 

In  depth  the  ores  consist  of  pyrite,  sphalerite,  and  galena  in  fairly 
equal  amounts,  with  some  chalcopyrite  and  other  minerals. 

Nodules  of  galena  surroimded  by  lead  carbonates  are  locally 
numerous  in  the  oxidized  zone.  Several  of  these  nodules  have  t  een 
assayed,  and  the  sulphide  has  been  foimd  to  carry  about  six  times  as 
much  silver  as  the  surroimding  carbonate  shell.  ^ 

Emmons'  states  that  gold  exists  in  the  limestone  ores  only  in 
traces.  In  certain  veins  of  sulphide  ores  below  the  porphyry  con- 
tacts, according  to  G.  Montague  Butler,'  some  small  masses  of 
sphaleritic  manganiferous  ores  are  very  rich  in  gold.  A  picked 
sample  assayed  8  ounces  per  ton.  Silver  is  found  in  the  oxidized 
ores  mainly  as  chloride.  It  is  a  generaUzation  of  the  miners  of  the 
region,  according  to  Emmons,*  that  rich  silver-chloride  ores  are 
likely  to  accompany  manganese.  As  suggested  by  him  and  also  on 
a  previous  page  of  this  paper  (p.  120),  it  is  possible  that  the  agency 
of  manganese  in  the  generation  of  free  chlorine  is  important  in  con- 
nection with  the  precipitation  of  silver  chloride  under  some  conditions. 

In  general,  silver  values  diminish  with  depth.  The  upper  contact 
bodies  as  a  whole  were  richest  in  silver;  the  "second  contact"  bodies 
were  slightly  lower  in  tenor;  and  at  lower  horizons  the  ore  is  of  dis- 
tinctly low  grade.* 

1  Ricketts,  L.  D.,  The  ores  of  Leadville,  Princeton,  1883,  p.  37. 

t Emmons,  8.  F.,  op.  cit.,  p.  545. 

'Butter,  O.  M.,  Some  recent  developments  at  LeadviUe:  Econ.  Oeotogx,  vol.  7, 1912,  p.  818, 

« Emmons,  8.  F.,  (q>.  dt.,  p.  582. 

^f^mmaoa,  8.  F.,  and  Inrlng,  J.  D.,  op.  cit,  p.  34, 
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Very  recently  large  bodies  of  iron-stained  smithsonite  have  been 
found  in  the  oxidized  zones  below  lead-carbonate  ores.  Some  at 
these  were  formerly  supposed  to  be  iron-stained  limestone.  A.  A. 
Blow  *  maintained  that  sphalerite  is  deposited  by  downward-moving 
waters  just  in  advance  of  oxidation,  and  in  this  S.  F.  Enmions ' 
appears  to  concur.  Some  small  veinlets  of  galena  are  found  also 
in  sulphide  ore  just  below  the  oxidized  zone. 

Of  considerable  interest  are  some  small  fractures  in  the  quartzite 
at  a  lower  horizon,  which,  as  Mr.  Emmons  informed  me,  very  com- 
monly carry  small  amounts  ot  high-^ade  manganiferous  gold  ore. 
This  ore  he  regarded  as  a  deposit  from  descending  waters. 

ETTKEKA,  NEVADA. 

The  Eureka  district,*  in  eastern  Nevada,  is  an  area  of  Paleozoic 
quartzites,  limestones,  and  shales,  which  were  intruded,  probably 
in  late  Mesozoic  time,  by  granite,  granite  porphyry,  and  quartz 
porphyry.  Subsequently,  probably  in  the  Tertiary  period,  the  sedi- 
mentary rocks  were  intruded  by  great  igneous  bodies  of  andesitic 
composition  and  covered  in  places  by  rhyoUte  and  basalt.  The 
beds  are  thrown  into  open  folds  and  the  dominant  structure  is  a 
fault  mosaic,  the  principal  faults  being  of  the  normal  type. 

The  ores  occur  in  sedimentary  rocks  belonging  to  the  Cambrian, 
Silurian,  and  Devonian  periods.  Through  a  section  involving  17,000 
feet  of  deformed  strata  they  have  been  deposited  in  suflBciently  laige 
bodies  to  encourage  mining  exploration. 

According  to  Curtis,*  the  ore  bodies  are  chiefly  replacements  of 
fractured  limestones  and  include  lodes,  stocks,  and  bedding-plane 
deposits.  The  elevation  of  the  region  is  from  6,000  to  7,500  feet 
above  the  sea,  but  neighboring  peaks  are  higher.  The  climate  is  arid 
and  the  water  level  deep.  On  a  section  by  Curtis  through  the  Jack- 
son, Eureka  Consolidated,  and  Richmond  shafts  •  the  water  level  is 
shown  at  a  depth  of  500  feet  in  the  Jackson  and  from  1,000  to  1,200 
feet  in  the  Richmond  shaft. 

The  larger  ore  bodies,  according  to  Curtis,  are  capped  by  caves  or 
are  in  some  way  connected  with  caves  or  fissures,  developed  by 
solution,  and  the  fall  of  rock  into  the  openings  has  caused  further 
Assuring.  Since  this  action  took  place  the  ore  has  in  many  places 
been  redistributed  by  the  flow  of  underground  waters.  The  ore 
above  the  water  level  is  composed  principally  of  the  minerals  galena, 

1  Blow,  A.  A.,  The  geology  and  ore  deposits  of  Iron  Hill,  Leadville,  Colo.:  Trans.  Am.  Inst.  MJn.  Eng., 
vol.  18, 1890,  p.  172. 

s  Emmons,  S.  F.,  The  secondary  enrichment  of  ore  deposits,  in  Pofepn;^.  Frans,  The  genesis  of  ore  depo9> 
its.  1902,  p.  440. 

*  Hague,  Arnold,  Geoiog;y  of  the  Eureka  district,  Nevada:  Mon.  U.  8.  Oeol.  Survey,  vol.  20,  1802. 

i  Curtis,  J.  S.,  Silver-load  deposits  of  Eureloi,  Nev.:  lion.  U.  8.  Oeol.  Survey,  voL  7, 1884. 

•Idem,  PI.  III. 
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anglesite,  cerusite,  mimetite,  and  wulfenite,  with  very  little  quartz 
and  calcite,  the  gangue  being  for  the  most  part  hydrated  oxide  of 
iron.  The  ore  carries  also  considerable  gold  and  silver  and  some 
zinc,  which  occurs  probably  as  carbonate  and  siUcate.  The  ore 
below  the  water  level  is  composed  chiefly  of  pyrite,  arsenopyrite, 
galena,  zinc  blende,  and  a  few  other  sulphides,  as  well  as  silver  and 
gold.  According  to  Curtis  the  oxidized  ore  grades  into  the  sulphide 
ore.  At  some  places  altered  ore  is  found  below  the  water  level,  and 
Curtis  supposed  that  the  water  level  was  recently  elevated.  The 
development  of  mimetite,  a  chloro-arsenate  of  lead,  as  stalactites  in 
the  oxidized  zone,  is  of  interest.  Zinc  blende  is  found  to  some 
extent  in  upper  parts  of  the  mines,  according  to  Curtis,  and  is  of 
common  occurrence  in  the  lower  workings  in  connection  with  pyrite 
and  galena.  The  deposits  had  produced  over  $60,000,000  in  silver 
and  gold  and  225,000  tons  of  lead  in  1882.  More  recently  enormous 
bodies  of  low-grade  ferruginous  gold  ore  have  been  mined  in  the 
shattered  and  altered  limestones  that  surround  the  old  silver  stopes. 

PIOGHE,  NEVADA. 

The  deposits  of  Pioche,  Nev./  are  in  a  faulted  area  of  quartzites, 
limestones,  and  shales  which  are  cut  by  an  acidic  porphyry  intrusive. 
The  most  important  deposits,  some  of  which  have  been  very  produc- 
tive, are  near  the  intrusives.  They  fill  fissure  veins  in  the  quartzite 
and  limestone  and  the  ores  are  more  abundantly  developed  in  the 
quartzite.  They  were  stoped  at  the  surface  and  averaged  about  $150 
a  ton.  Ores  consisting  of  silver  chloride  and  sulphide  and  lead  car- 
bonate extended  to  water  level,  where  the  oxidized  ore  gave  place  to 
sulphides  and  large  amounts  of  zinc  also  entered.  At  this  depth, 
according  to  Pack,*  the  vein  was  generally  strong  and  persistent,  but 
no  valuable  deposits  were  in  sight  when  the  property  was  abandoned, 
even  though,  prospecting  had  been  very  extensive. 

In  recent  years  some  other  large  productive  deposits  have  been 
developed.     Of  these  I  have  no  exact  knowledge. 

TONOPAH,  NEVADA. 

The  deposits  at  Tonopah,  Nev.,  are  silver-gold  replacement  veins 
in  andesite.  They  are  of  middle  or  late  Tertiary  age  but  possibly 
somewhat  older  than  the  Comstock  lode.  Placers  are  not  developed. 
The  primary  ore.  according  to  Spurr,^  is  composed  of  quartz,  adu- 
laria,  sericite,  and  carbonates  of  lime,  magnesia,  iron,  and  manganese, 
with  argentite,  stephanite,  polybasite,  chalcopyrite,  pyrite,  galena, 

1  Pack,  F.  J.,  Geology  of  Piocbe,  Nev.,  and  yicinity:  School  of  Mines  Quart.,  vol.  27, 1906,  pp.  285^312, 
86&-dS6. 

s  Idem,  p.  372. 

•  Sporr,  J.  E.,  Geology  of  the  Tonopah  mining  district,  Nevada:  Prot  Paper  U.  S.  Geol.  Survey  No.  42, 
1905,  p.  9a 
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silver  selenide,  and  gold  in  an  undetennined  form.  Pyrrhotite  is  not 
listed.  According  to  Spurr,  a  little  zinc  sulphide  is  present,  but  Bur- 
gess ^  does  not  list  sphalerite  as  a  vein  mineral. 

The  zone  of  oxidation  extends  to  greater  depth  in  the  more  highly 
fractured  places^  and  for  this  reason  the  brittle  and  more  broken 
lodes  are  more  deeply  oxidized  than  the  wall  rock.  The  Mizp&h 
vein  is  for  the  most  part  oxidized  to  a  depth  of  700  feet.  Standing 
ground  water  is  lacking.  The  oxidized  ore  contains  limonite  and 
manganese  dioxide,  with  plentiful  horn  silver  and  some  bromides 
and  iodides  of  silver.  The  so-called  oxidized  ore  from  the  outcrop 
down  is,  according  to  Spurr,  a  mixture  of  original  sulphides  (and 
selenides),  together  with  secondary  sulphides,  chlorides,  and  oxides. 
At  a  depth  of  500  feet  (in  the  Montana  Tonopah  mine)  good  crystals 
of  argentite,  polybasite,  and  chalcopyrite  have  been  formed  freely  in 
cracks  and  druses  of  the  sulphide  ore.  These  minerals  are  later  than 
the  massive  ore,  but  it  can  not  be  shown  that  they  were  not  deposited 
upon  it  by  ascending  waters.  The  deposit  of  dark  ruby  silver 
(pyrargyrite)  is  different,  however,  for  it  is  formed  in  cracks  in  the 
oxidized  ore,  and  some  argentite  fringes  minute  particles  of  horn  silver 
as  if  secondary  to  it.  The  evidence,  therefore,  as  stated  by  Spurr, 
favors  the  view  that  these  secondary  sulphides  in  the  oxidized  zone 
originated  from  descending  surface  waters,  and  probably  part  of  the 
sulphides  in  druses  in  the  sulphide  ore  have  a  similar  origin. 

Ilie  waters  that  descend  through  the  oxidized  zone  carry  sulphates 
and  chlorides,  and  ^'wad"  is  plentiful;  but  judging  from  the  fairly 
constant  proportion  of  gold  to  silver  (about  1  to  100  by  weight) 
there  has  been  little  selective  migration  of  gold  and  silver  during 
oxidation,  although  the  vein  has  been  enriched  to  some  degree  by 
downward  penetration  of  minerals  leached  from  the  outcrop  as  it  was 
eroded.  Tlie  rich  ore  shoots,  though  partly  oxidized,  seem  to  be  in 
the  main  original  without  thorough  rearrangement.  According  to 
Spurr,  this  may  be  ascribed  in  part  to  the  relatively  scanty  supply  of 
water  in  this  arid  region. 

OOMSTOOi:  LOBE,  NEVADA. 

The  Comstock  lode '  is  a  broad  fault  zone  in  late  Tertiary  rocks. 
The  ore  shoots  occur  here  and  there  in  this  zone,  which  is  developed 
more  than  4,000  feet  below  the  surface. 

>  Bnrgesi,  J.  A.,  Tlw  halogen  mIU  of  ittvw  and  lanoiated  mlnanJi  at  Tonopah,  Mev.:  Eoon.  Q^oHogf, 
voL  6, 1911,  pp.  13-21. 

a  King,  Claienoe,  The  Conutook  lode,  In  Hague,  7.  D.,  liining  indistry:  U.  8.  GmL  ExpL  40th  Far., 
VOL  8, 1870,  pp.  U-M.  Church,  J.  A.,  The  Comstock  lode,  New  York,  1879.  Beoker,  O.  F.,  Oeokigy^  of  the 
Comstock  lode  and  the  Washoe  district:  Mon.  U.  8.  OeoL  Survey,  v6L  8,  U82.  Raid,  J.  A.,  The  straoture 
and  geoeals  of  the  Comstock  lode:  BuU.  Dept.  Q«ok)K7  Univ.  Califocniay  voL  4»  1906,  pp.  177-1981 
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Eang  ^  says: 


Quartz  forms  the  only  gangue  in  the  Comstock  lode.  Those  small  masses  of  car* 
bonate  of  lime  which  occur,  intermingled  with  quartz,  in  the  Grold  Hill  and  Hale  & 
NorcroflB  lower  levels  are  rather  to  be  considered  an  included  mineral  of  accidental 
occurrence  than  as  a  true  gangue.  With  the  exception  of  small  quantities  of  silver 
minerab  contained  in  the  clay  sheets  where  they  are  placed  in  close  contact  with  the 
bonanza,  the  whole  silver  tenor  of  the  lode  is  contained  in  the  bodies  of  quartz.  The 
ore  itself  is  composed  of  native  gold,  native  silver,  silver  glance,  stephanite,  rich  galena, 
occasional  pyraigyrite,  horn  silver,  and,  with  extreme  rarity,  stembergite.  Intimately 
associated  with  these  occur  iron  and  copper  pyrites  and  zinc  blende.  Of  these,  pyrsn- 
gyrite  and  horn  silver  are  rarities;  polybasite  and  stembergite,  in  recognizable  crystals, 
occupy  a  few  scattered  localities;  stephanite,  in  defined  crystallizations,  has  been 
found  in  nearly  every  bonanza,  but  the  main  body  of  the  ore  is  a  confused  semi- 
crystallized  association  of  native  gold  and  silver,  vitreous  silver  ore,  rich  galena,  copper 
and  iron  pyrites,  and  zinc  blende. 

In  general  the  bonanza  ore  is  pretty  uniformly  disseminated  through 
the  quartz.  Large,  solid  accumulations  are  rarely  found.  The  silver 
minerals  ordinarily  lie  in  masses  about  the  size  of  a  hen's  egg.  In  the 
central  portions  of  bonanzas  there  is  usually  a  somewhat  denser 
arrangement  of  ore.  It  is  evident,  from  the  manner  in  which  the  ore 
itself  is  broken  and  dislocated,  that  the  dynamic  action  which 
powdered  the  quartz  occurred  after  it  was  charged  with  ore. 

Since  the  period  of  crushing  additional  charges  of  quartz  and  ore 
have  been  introduced  into  the  fissure  to  a  small  extent.  In  a  few 
places,  as  in  the  800-foot  level  of  the  Yellow  Jacket  mine,  broken 
fragments  of  quartz,  themselves  containing  ore,  have  been  rece- 
mented  by  sheets  of  stephanite  which  have  penetrated  the  cracks, 
and  over  the  stephanite  a  secondary  growth  of  quartz  crystals  has 
taken  place,  and  these  quartz  crystals  themselves  are  again  coated 
with  a  fine  varnish  of  silica.' 

Analyses  of  ore  from  the  lower  workings  of  the  Savage  and  Kentuck 
mines  (1869)  gave  zinc  sulphide  1.75  and  0.13  per  cent,  respectively. 
Ores  from  ''middle  depths"  of  the  California  and  Ophir  mines  gave 
12.85  and  14.45  per  cent  of  zinc. 

Like  King,  Becker  notes  that  there  were  clearly  two  periods  of 
movement,  one  before  the  deposition  of  the  primary  ore  and  one 
after  it.  The  later  movement,  mainly  parallel  to  the  lode,  gave  con- 
ditions for  an  active  circulation  of  water  after  the  primary  deposition. 
According  to  Becker,'  ''it  is  possible  that  the  seams  of  rich  ore  in  the 
great  bonanza  represent  a  deposition  posterior  to  the  final  cessation 
of  movement,"  and  "it  is  also  by  no  means  impossible  that  some  of 
the  richer  ores  have  been  redeposited,  forming  at  the  expense  of 
stUTOunding  bodies  of  lower  grade."  As  already  remarked,  analysis 
of  the  vadose  water  of  the  Comstock  shows  that  it  contains  both  gold 

1  King,  Clareooe,  op.  cit.,  p.  79.  '  Idem,  p.  81.  *  Becker,  O.  F.,  op.  ciL,  p.  273. 
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and  silver.  It  is  noteworthy  that  this  water  contains  much  manga- 
nese, presumably  as  sulphate.  Some  associated  placers  were  devel- 
opedf  but  they  are  of  very  subordinate  value  compared  with  that  of 
the  lode.  Oxidation  extended  downward  to  a  depth  of  500  feet. 
According  to  King/  ''a  zone  of  manganese  oxide  occupies  the  entire 
length  of  the  lode  from  the  outcrop  200  feet  down."  The  upper  part, 
of  this  manganiferous  zqne  was  not  of  high  grade  in  general,  especially 
in  its  uppermost  portions.  The  longitudinal  projections '  show  that 
many  of  the  stopes  carried  from  below  stop  some  distance  below  the 
surface. 

Von  Richthofen  (quoted  by  Becker)  says  that  "the  proportion  of 
gold  to  silver  decreased  during  the  early  period  of  working  the  lode 
but  is  now  (1865)  on  the  increase  again."  Presmnably  silver  at  the 
very  surface  was  leached  more  rapidly  than  gold.  The  vadose  waters, 
as  shown  by  Reid,'  are  rich  in  sulphate,  and  his  analyses,  as  well  as 
others,  show  the  presence  of  chlorides  in  appreciable  amounts.  The 
conditions  appear  to  have  been  favorable  for  the  migration  of  both 
silver  and  gold  in  the  upper  levels,  even  in  the  comparatively  short 
time  that  has  elapsed  since  the  primary  ores  were  deposited.  The 
bonanza  ore  below  consisted  largely  of  stephanite,  polybasite,  argen- 
tite,  and  other  minerals. 

I  have  no  detailed  descriptions  of  the  character  and  position  of  the 
richest  ores,  but  EUot  Lord  *  states  that  the  ''Big  Bonanza,"  an  enor- 
mously rich  ore  body  in  the  lode,  extended  below  the  fifteenth  level. 
Possibly  some  of  the  richer  ore  bodies  extended  still  deeper,  but  it  is 
well  known  that  rich  ore  was  more  abunvlant  in  the  upper  than  in  the 
lower  levels.  The  deposits  in  the  upper  levels  yielded,  according  to 
Richthofen,  from  $70  to  $107  a  ton,  whereas  in  later  years  the  average 
value  of  the  ore  was  not  more  than  $37  a  ton. 

It  thus  appears  that  the  evidence  of  the  Comstock  lode,  from  the 
surface  down,  is  favorable  to  the  hypothesis  that  extensive  solution 
and  deposition  of  gold  and  silver  have  taken  place. 

The  proportion  of  gold  to  silver  was  presumably  liigher  near  the 
surface  and  in  the  lower  part  of  the  lode  than  in  the  middle  part. 
Wlien  Richthofen  made  his  report  he  estimated  that  to  the  close  of 
1865  the  lode  had  produced  $15,250,000  m  gold  and  $32,750,000  in 
silver  (gold  equals  47  per  cent  of  the  silver) ;  whereas  Becker  reports 
the  amount  recovered  from  1865  to  1881  as  $87,121,988  in  gold  and 
$105,548,157  in  silver  (gold  equals  83  per  cent  of  the  silver). 

The  relation  of  **horn  silver"  to  the  surface  is  different  from  that 
shown  in  * 'chloride  mines."     According  to  King,*  silver  chloride  is 

1  King,  Clarence,  op.  cit.,  p.  75. 

>  Becker,  Q.  F.,  op.  cit.,  atlas  sheets  X-XU. 

•  Reld,  J.  A.,  op.  cit. 

«Lord,  Eliot,  Comstook  mining  and  minors:  Mon.  U.  S.  Geol.  Survey,  vol.  4, 1883,  p.  31L 

•  Xing,  Clarence,  op.  cit.,  p.  82. 
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accidental,  although  rare  small  crystals  were  found  at  the  outcrop  of 
the  Gold  Hill  group  and  elsewhere. 

ST.  ETTGENE  lONE,  MOYIE,  BRITISH  C0LT7MBIA. 

The  St.  Eugene  mine  is  in  the  mountainous  country  near  Lake 
Moyie,  British  Columbia.  This  region  is  situated  at  a  moderately 
high  latitude  and  is  therefore  of  particular  interest,  since  the  work- 
able ore  shows  a  relation  to  the  present  topography  that  appears 
to  indicate  appreciable  secondary  concentration.  The  deposit  affords 
one  of  the  best  examples  of  sulphide  enrichment  that  I  have  noted  in 
Canada.  The  following  data,  from  a  report  by  S.  J.  Schofield,*  are 
supplied  through  the  courtesy  of  Mr.  R.  W.  Brock,  director  of  the 
Geological  Survey  of  Canada. 

The  claims  operated  by  the  principal  company  include  two  veins, 
which  strike  east  and  dip  70°  S.  They  are  about  600  feet  apart  and 
the  developments  extend  through  a  vertical  range  of  2,100  feet. 
The  lower  workings  are  over  100  feet  below  the  level  of  Lake  Moyie. 
The  two  main  veins  are  connected  by  a  series  of  important  cross 
veins,  most  of  which  meet  the  main  veins  at  acute  angles.  These 
cross  fissures,  the  spaces  between  which  are  not  uniform,  are  locally 
termed  ''avenues."  Most  of  the  ore  bodies  are  in  the  fractured  and 
folded  area  along  and  between  the  main  veins,  and  in  places  large 
ore  shoots  occur  near  or  at  the  places  where  the  avenues  meet  the 
main  veins.  Very  little  displacement  was  observed  along  the  main 
fissures,  although  the  strata  are  slightly  folded  or  bent  near  the  fissures. 
The  country  rocks  consist  of  argillaceous  quartzites  and  purer  heavy- 
bedded  quartzites  of  the  pre-Creston,  the  oldest  known  subdivision  of 
the  Purcell  series,  which  here  form  the  axis  and  eastern  limb  of  an  anti- 
cline. The  ore  bodies  are  associated  with  the  massive  purer  quartz- 
ites of  the  pre-Creston  formation.  The  ore  consists  of  galena,  both 
fine  and  coarse  grained,  associated  in  places  with  zinc  blende.  The 
gangue,  which  is  small  in  amount,  consists  of  garnet,  anthophyllite 
(a  variety  of  amphibole),  and  a  little  quartz,  the  last  mineral  being 
very  prominent  where  the  vein  pinches  in  the  argillaceous  quartzites. 
Locally  the  wall  rock  in  the  immediate  vicinity  of  the  ore  bodies 
shows  strong  metamorphism  by  the  development  of  garnet  and 
anthophyllite. 

A  vertical  projection  or  stope  sheet  supplied  by  Mr.  Brock  shows 
workings  along  the  hill  for  4,900  feet.  The  slope  of  the  hill  is  about 
25**.  Thirteen  tunnels,  one  above  another,  are  driven  to  the  ore 
zone.  Some  of  these  tunnels  are  2,000  to  3,000  feet  long,  but  all 
the  stopes  appear  to  be  within  1,500  feet  of  the  surface,  as  measured 
on  a  level,  or  somewhat  less  than  800  feet  from  the  nearest  points 

1  Scbofield,  0.  J.,  Reooniukissaiioa  fci  «ft  Kootenay:  Summ.  Rept  OeoL  Smrey  Canada  for  1911, 1912, 
pp.  159-164. 
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on  the  surface.  The  distance  from  the  surface  to  which  most  of  the 
ore  shoots  were  followed  is  practically  uniform.  Below  the  level  of 
the  lake  the  workings  did  not  extend  so  deep.  At  depth  the  fissures 
tighten,  the  ore  becomes  less  concentrated,  and  zinc  blende  becomes 
relatively  more  abundant,  so  that  the  ore  is  no  longer  of  commercial 
grade.  At  the  junction  of  the  ''avenues"  and  main  vein  and  nearer 
the  surface  were  large  bodies  of  clean  shipping  ore.  Elsewhere  the  ore 
was  concentrating  ore.  Mr.  Brock  informs  me  that  a  similar  reltr 
tionship  between  present  surface  and  the  ore  bodies  is  noticeable  at 
many  points  in  the  Slocan. 

COBALT,  ONTABIO. 

Cobalt,^  in  the  Nipissing  district,  northern  Ontario,  is  on  the  great 
ancient  peneplain  which  extends  over  much  of  Ontario  and  the 
surrounding  region.  The  country  is  hilly,  but  the  relief  is  not  great. 
The  climate  is  cold  and  moderately  moist.  The  recent  glaciation  is 
clearly  evident,  but  drift  is  generally  thin  or  abs^it. 

The  basement  rocks  are  the  Keewatin  series,  a  complex  of  metar 
morphosed  basic  igneous  rocks,  usually  known  as  greenstones, 
which  includes  also  some  rock  of  sedimentary  origin.  The  eroded 
surface  of  the  Keewatin  is  overlain  by  Huronian  conglomerates, 
graywacke,  and  other  metamorphosed  sedimentary  rocks.  A  quartz 
diabase  sill  some  500  feet  thick  was  intruded  into  both  Huronian 
and  Keewatin  rocks.    This  dips  southward  at  an  angle  of  about  17^. 

The  deposits  are  short,  narrow  fissure  veins,  very  numerous  and 
rich.  They  are  found  in  the  Huronian,  in  the  diabase,  and  in  the 
Keewatin,  but  the  more  productive  deposits  are  in  the  Huronian 
near  the  diabase  sill,  or  they  were  below  the  footwall  of  the  sill  before 
the  sill  was  eroded.  The  deposits  are  probably  genetically  related 
to  the  diabase  intrusive,  and  the  fractures  have  been  assumed  to 
represent  cooling  cracks  formed  in  connection  with  the  intrusion  of 
the  diabase.  Postmineral  fracturing  and  faulting  have  taken  place 
extensively. 

The  principal  sulphides  of  earlier  age  include  smaltite,  cobaltite, 
chloanthite,  and  bismuth  sulphide,  with  some  arsenopyrite  and  tetra- 
hedrite.  Pjrrite,  galena,  and  sphalerite  are  present  in  the  wall  rock 
near  the  vein.  The  silver  occurs  as  native  metal,  proustite,  pyrargy- 
rite,  dyscrasite,  and  argentite.  The  gangue  minerals  include  calcite 
and  quartz. 

The  zone  of  oxidation  is  exceedingly  shallow  or  altogether  absent, 
but  certain  exceptionally  rich  superficial  deposits,  a  few  feet  thick, 
are  directly  connected  with  the  zone  of  weathering.  This  is  called 
the  ''nugget  horizon,''  and  in  it  the  smaltite  and  cobaltite  have  been 

1  Milter,  W.  O.,  The  oobalt-nickel  anenides  and  silver  deposJtB  of  TemlBkamiiig,  Sd  td.:  Bept.  Onterto 
Bur.  IClDM,  ToL  16,  pt  2, 1908. 
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largely  altered  to  secondary  minerals  or  leached  out  altogether.  In 
this  zone  ''cobalt  bloom"  and  ''nickel  bloom"  are  characteristic 
minerals. 

Extending  downward  200  or  300  feet  or  more  below  the  surface 
are  rich  silver  minerals,  largely  in  veinlets  in  earlier  sulphides.  The 
minerals  of  the  veinlets  include  native  silver,  argentite,  and  calcite. 
The  change  from  rich  to  low-grade  ore  \s  very  abrupt,  both  in  depth 
and  on  the  strike.  Van  Hise  ^  and  Emmons "  have  attributed  these 
richer  silver  ores  to  processes  of  sulphide  enrichment,  but  Miller '  is 
inclined  to  the  beUef  that  this  feature  of  the  genesis  has  been  too 
much  emphasized. 

BOSSLAND,  BBITISH  COLUMBIA. 

Rossland,  British  Columbia,  is  in  the  Trail  Creek  district,  a  short 
distance  north  of  the  international  boundary.  The  country  is 
glaciated  and  the  altitude  of  the  principal  deposits  is  about  3,400 
feet  above  sea  level.  The  rocks  exposed*  include  Carboniferous 
limestone,  quartzites,  and  shales  with  interbedded  tuffs,  ash  beds, 
and  lavas.  Above  this  series  are  volcanic  agglomerates  and  lavas. 
Intruding  these  rocks  are  masses  of  monzonite,  granodiorite,  nepheline 
syenite,  etc. 

The  principal  deposits  are  fissure  fillings  and  replacement  veins, 
fractured  zones,  and  impregnations.  The  most  important  lodes  have 
steep  dips.  These  lodes  are  intricately  faulted  and  many  of  the  faults 
follow  or  are  followed  by  basic  dikes.  The  deposits  carry  commercial 
amounts  of  copper  and  silver. 

The  gangue  minerals  are  biotite,  quartz,  calcite,  tourmaline, 
amphibole,  chlorite,  and  garnet;  the  sulphides  include  pyrrhotite, 
chalcopyrite,  pyrite,  arsenopyrite,  marcasite,  gold,  and  other  minerals. 

In  certain  gold-bearing  quartz  veins  the  gold  and  chalcopyrite  are 
intimately  related  and  there  is  a  notable  concentration  of  gold  near 
the  surface. 

The  ore  shoots  in  the  cupriferous  precious-metal  lodes  extend  down- 
ward 50  to  500  feet.  One  shoot  averaged  150  feet  long  and  56  feet  thick 
and  was  worked  downward  500  feet.  There  is  very  little  oxidation 
above  these  deposits  and  no  secondary  chalcocite  zone.  The  values 
of  shipments  decrease  as  greater  depths  are  reached,  but  this  decrease 
may  be  due  to  improvement  of  conditions  which  permits  profitable 
extraction  of  lower^rade  material. 

1  Van  Hise,  C.  R.,  The  ore  deposits  of  the  Cobalt  district,  Ontario*  Jour.  Canadian  Min.  Inst.,  vol.  10, 
1907,  pp.  46^. 
a  Emmons,  8.  F.,  Cobalt  district,  Ontario,  in  Bain,  H.  F.,  and  others,  Types  of  ore  deposits,  San  Fran- 
iKO,  1011,  pp.  140-166. 

•  Mflkr,  W.  G.,  Notes  on  the  Cobalt  area:  Eng.  and  Min.  Jour.,  vol.  02, 1011,  pp.  645-4M0. 
^Bxoek,  R.  W.,  Preliminary  report  on  the  Rossland,  B.  C,  mining  district,  Qeol.  Smrey  Canada,  1000. 
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OCSUB  D'ALBNE,  IDAHO  (LBAD-8ILVBB  DEPOSITS). 

The  geology  and  ore  deposits  of  the  Coeur  d'AIene  mining  district, 
Idaho,  are  described  by  Ransome  and  Calkins.*  The  district  is  an 
area  of  pre-Cambrian  quartzites  and  siliceous  slates,  which  are  intruded 
by  large  masses  of  monzonite  and  related  rocks.  Some  contact  xnetar 
morphism  has  taken  place  and  certain  of  the  ore  bodies  are  of  the  garnet 
sulphide  type,  but  the  principal  deposits  are  wide  lead-silver  lodes  free 
from  garnet. 

The  country  is  extensively  faulted,  but  the  lodes  are  not  along  the 
major  faults.  The  ores  were  formed  partly  by  filling  open  spaces, 
but  largely  by  replacement  along  zones  of  Assuring  or  shearing.  The 
deposits,  which  have  a  vertical  range  of  4,000  feet,  were  probably 
formed  under  several  thousand  feet  of  rock  which  has  since  been 
removed. 

The  ore  minerals  are  galena,  pyrite,  chalcopyrite,  sphalerite,  and 
subordinate  pyrrhotite,  with  some  argentiferous  tetrahedrite  and 
stibnite.  Siderite  is  the  most  abundant  gangue  mineral,  with  sub- 
ordinate quartz  and  a  little  barite.  The  ores  carry  about  8  per  cent 
lead  and  4  ounces  silver  to  the  ton. 

Ransome'  says: 

Although  tho  minoralogical  character  of  the  large  lead-silver  deposits  exhibits  great 
uniformity,  some  of  the  ore  bodies  ar«  known  to  change  their  composition  with  increase 
of  depth.  No  evidence  has  been  found,  however,  that  in  any  way  connects  the 
observed  changes  with  the  descent  of  solutions  from  the  zone  of  oxidation.  Such 
variations  as  occur  are  apparently  original  and  not  due  to  secondary  enrichment  from 
above. 

In  the  process  of  oxidation  ccnisite  develops  from  galena  without  any  visible 
intermediate  product.  The  change  is  not  a  direct  replacement  of  the  sulphur  of  car- 
bonic anhydride,  but  the  galena  is  irregularly  corroded  by  the  oxidizing  solutions 
and  cerusite  crystals  are  deposited  in  the  cavities  thus  formed.  In  other  words,  the 
lead  itself  is  somewhat  mobile  duriilg  the  change  from  sulphide  to  carbonate.  The 
various  minerals  of  the  oxidized  ores  are  still  forming  and  make  up  soft  earthy  masses 
in  which  no  sequence  of  crystallization  is  apparent.  It  is  not  known,  for  example, 
whether  pyromorphito,  like  cerusite,  forms  directly  from  galena  or  whether  it  ia 
derived  from  some  oxysalt  of  lead. 

The  small  quantity  of  sphalerite  formerly  in  the  ores  which  have  undergone  oxida- 
tion has  left  no  recognizable  trace  of  its  presence. 

1  Ransome,  F.  L.,  and  Calkins,  F.  C.  The  geology  and  ore  deposits  of  tbe  CoBur  d'Aleno  distilet,  Idalw: 
Prof.  Paper  U.  S.  Qeol.  Survey  No.  63,  IMS. 
>  Idem,  p.  U2, 
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